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FRQWUDFWXDO LQWHUPHGLDULHV
Jduh| Udph| dqg Mrho Zdwvrq

W

Wklv Yhuvlrq= Dxjxvw 4<<<

Devwudfw1

Wklv sdshu dqdo|}hv wkh uroh ri wklug sduw| lqwhuphgldulhv/ vxfk dv

frxuwv dqg duelwudwruv/ lq frqwudfw hqirufhphqw1 Lq rxu prgho/ lqwhuphgldulhv frpsho
frqwudfwhg wudqvihuv dqg uhvroyh glvsxwhv zkhq uhtxhvwhg wr gr vr e| wkh frqwudfwlqj
djhqwv1 Zkhq wkh yhuldelolw| ri lqirupdwlrq lv olplwhg/ vxffhvvixo hqirufhphqw uh0
txluhv wkdw glvsxwh uhvroxwlrq frvwv eh vx!flhqwo| juhdw1 Rswlpdo hqirufhphqw v|vwhpv
hfrqrpl}h rq glvsxwh uhvroxwlrq dqg lqirupdwlrq frvwv/ dqg pd| lqyroyh hvwdeolvkphqw
ri vshflf v|vwhpv wdloruhg wr sduwlfxodu jurxsv1 Zh vkrz ixuwkhu wkdw wkh krogxs
sureohp pd| eh uhvroyhg yld dq dssursuldwho| ghvljqhg glvsxwh uhvroxwlrq v|vwhp1

41

Lqwurgxfwlrq

Wkhruhwlfdo prghov ri frqwudfwlqj kdyh dqdo|}hg lq ghwdlo d zlgh ydulhw| ri lqwhudfwlrqv eh0
wzhhq frqwudfwlqj sduwlhv1 Krzhyhu/ pxfk ohvv dwwhqwlrq kdv ehhq sdlg wr wkh lqvwlwxwlrqv
wkdw hqirufh frqwudfwv14 Lq sudfwlfdo vlwxdwlrqv/ hqirufhphqw lqvwlwxwlrqv sod| d fhqwudo uroh
 Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr> kwws=22zhehu1xfvg1hgx2mzdwvrq1 Iru

khosixo frpphqwv dqg vxjjhvwlrqv/ zh wkdqn Whg Ehujvwurp/ Olvd Ehuqvwhlq/ Grqdog Fodunh/ Ylqfh Fudzirug/
Gdq Nohupdq/ Qdud|dqd Nrfkhuodnrwd/ Gdylg Odlwlq/ N|oh Pd|hu/ Mrkq PfPloodq/ Ydl0Odp Pxl/ Mrho Vreho/
Iudqn Xskdp/ Fkulv Zrrgux/ dqg qxphurxv vhplqdu sduwlflsdqwv1 Zh dovr wkdqn wkh Qdwlrqdo Vflhqfh
Irxqgdwlrq iru qdqfldo vxssruw xqghu judqwv VEU0<7554<9 dqg VEU0<9635:31
4

Dq h{fhswlrq lv wkh jurzlqj olwhudwxuh rq frppxqlw| hqirufhphqw/ dv h{hpsolhg e| Ehqgru dqg

Prrnkhumhh +4<<4,/ Hoolfnvrq +4<<4,/ Ndqgrul +4<<5,/ Juhli +4<<6,/ dqg Juhli/ Plojurp/ dqg Zhlqjdvw +4<<7,1
Pruh fhqwudol}hg hqirufhphqw lqvwlwxwlrqv kdyh ehhq h{dplqhg e| Plojurp/ Qruwk/ dqg Zhlqjdvw +4<<3, dqg
rwkhuv1 Vhh dovr Qruwk +4<<3,1 Rxu zrun khuh dgguhvvhv pruh gluhfw h{whuqdo hqirufhphqw ri frqwudfwv1
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lq wkh ixqfwlrqlqj ri frqwudfwxdo uhodwlrqv1 Wkhvh lqvwlwxwlrqv/ dv hperglhg lq wklug sduwlhv
+frxuwv/ duelwudwruv/ dwwruqh|v/ hwf1,/ fduu| rxw d ydulhw| ri dfwlylwlhv/ vxfk dv jdwkhulqj lqiru0
pdwlrq derxw wkh dfwlrqv ri wkh frqwudfwlqj sduwlhv> frpshoolqj hqirufhphqw ri frqwudfwxdo
surylvlrqv zkhq uhtxhvwhg wr gr vr> dqg vhwwolqj glvsxwhv wkdw dulvh xqghu wkh frqwudfw1 Wklv
sdshu h{dplqhv krz wkh qdwxuh ri frqwudfw hqirufhphqw/ dqg wkh vxffhvvixo rshudwlrq ri
frqwudfwxdo uhodwlrqvklsv/ ghshqg rq wkh fkdudfwhulvwlfv ri hqirufhphqw lqvwlwxwlrqv1 Pruh
vshflfdoo|/ zh dujxh wkdw wkh dfwlyh sduwlflsdwlrq ri h{whuqdo hqirufhphqw lqvwlwxwlrqv sod|v
dq lqwhjudo sduw lq dq| frqwudfwxdo uhodwlrqvkls1
Dv rxu srlqw ri ghsduwxuh/ zh k|srwkhvl}h wkdw frqwudfw hqirufhphqw lv yhvwhg lq wklug
sduwlhv fdoohg frqwudfwxdo lqwhuphgldulhv1 Wkh lqwhuphgldulhv rshudwh hqirufhphqw v|vwhpv
wkdw duh xwlol}hg e| frqwudfwlqj djhqwv1 Wkh dfwlylwlhv ri lqwhuphgldulhv duh looxvwudwhg e| wkh
h{dpsoh ri wkh Qdwlrqdo Judlq dqg Ihhg Dvvrfldwlrq +QJID,1 Wkh QJID lv d wudgh jurxs
ri judlq dqg ihhg ghdohuv wkdw pdlqwdlqv d sulydwh ohjdo v|vwhp/ frqvlvwlqj ri ghwdlohg vhwv ri
wudgh dqg duelwudwlrq uxohv wrjhwkhu zlwk d sdqho ri duelwudwruv15 QJID phpehuv iuhtxhqwo|
pdlqwdlq orqj0whup uhodwlrqvklsv lqyroylqj uhshdwhg/ kljko| vwdqgdugl}hg wudqvdfwlrqv1 Dv
d frqglwlrq ri phpehuvkls/ dvvrfldwlrq phpehuv duh uhtxluhg wr dsshdo wr wkh QJID*v
duelwudwruv zkhq wkh| zlvk wr hqirufh frqwudfwxdo surylvlrqv ru r!fldoo| uhvroyh glvsxwhv1
Wkh duelwudwruv jdwkhu lqirupdwlrq derxw wkh qdwxuh ri wkh glvsxwdqwv* zulwwhq frqwudfw
dqg wkh idfwv ri wkh glvsxwh> wkh| lpsrvh elqglqj vhwwohphqwv dffruglqj wr wkh whupv ri wkh
frqwudfw dqg wkh uxohv ri wkh dvvrfldwlrq> dqg wkh| nhhs r!fldo uhfrugv derxw wkh glvsxwh dqg
lwv vhwwohphqw1 D ydulhw| ri rwkhu wudgh jurxsv rshudwh dqdorjrxv glvsxwh uhvroxwlrq v|vwhpv
rq ehkdoi ri wkhlu phpehuv16 Pruhryhu/ lqvwlwxwlrqv dv glyhuvh dv sxeolf ohjdo v|vwhpv dqg
exvlqhvv upv iroorz wkh vdph edvlf sdwwhuq lq vhwwolqj glvsxwhv dprqj wkhlu frqvwlwxhqwv1
5 Vhh

Ehuqvwhlq +4<<9, iru dq lq0ghswk fdvh vwxg| ri wkh QJID1

6 Zrrgux

+4<<:, glvfxvvhv v|vwhpv hpsor|hg e| wkh Dphulfdq Vslfh Wudgh Dvvrfldwlrq/ wkh Srsxodu

Sulfhg Guhvv Dvvrfldwlrq/ dqg rwkhu wudgh jurxsv1
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Zh ghyhors d prgho ri hqirufhphqw v|vwhpv wkdw h{solflwo| fdswxuhv wkh dfwlyh urohv
sod|hg e| lqwhuphgldulhv1 Lq rxu prgho/ frqwudfwxdo uhodwlrqvklsv duh rqjrlqj> wkh djhqwv
hqjdjlqj uhshdwhgo| lq d surgxfwlyh dfwlylw| uhtxlulqj sulydwh hruw fkrlfhv1 Sulydwh sd|rv
kdyh wkh vwuxfwxuh ri wkh sulvrqhuv* glohppd/ vr wkdw pdlqwdlqlqj frrshudwlrq lv sureohp0
dwlf1 Frqwudfw hqirufhphqw lv fduulhg rxw e| dq lqwhuphgldu|/ zkr pd| lqwhuyhqh dw wkh
djhqwv* uhtxhvw gxulqj dq hqirufhphqw skdvh wkdw rffxuv sulru wr surgxfwlrq lq hdfk shulrg1
Wkh lqwhuphgldu| hqirufhv frqwudfwhg wudqvihuv ehwzhhq wkh djhqwv/ frqglwlrqhg rq yhuldeoh
lqirupdwlrq1 Wkh lqwhuphgldu| dovr pdlqwdlqv dq r!fldo uhfrug ri zkhwkhu wkh uhodwlrqvkls
lv lq d glvsxwh/ dv zhoo dv wkh qdwxuh ri wkh glvsxwh1 Dw wkh djhqwv* uhtxhvw/ wkh lqwhuph0
gldu| fduulhv rxw d glvsxwh uhvroxwlrq surfhvv wkdw pd| lpsrvh frvwv rq wkh djhqwv/ lq wkh
irup ri gluhfw prqhwdu| frvwv dqg ghod|v lq uhvxplqj surgxfwlrq1 Wkh glvsxwh uhvroxwlrq
surfhvv fxoplqdwhv lq r!fldo fhuwlfdwlrq wkdw wkh glvsxwh kdv ehhq uhvroyhg/ zklfk wkhq
doorzv wkh djhqwv wr xvh wkh hqirufhphqw v|vwhp wr hqirufh dqrwkhu frqwudfw lq wkh ixwxuh1
Dowhuqdwlyho|/ wkh djhqwv fdq hohfw wr vhyhu wkhlu uhodwlrqvkls vkrxog d glvsxwh dulvh1
Lq rxu prgho/ wkh phwkrg ri frqwudfw hqirufhphqw ghshqgv rq wkh dprxqw ri lqirupdwlrq
wkdw fdq eh yhulhg wr wkh lqwhuphgldu| dv zhoo dv wkh frvwv ri glvsxwh uhvroxwlrq1 Xqghu
ixoo yhuldelolw|/ wkh lqwhuphgldu| fdq revhuyh zklfk djhqw suhflslwdwhg dq| glvsxwh dqg
hqirufh odujh shqdowlhv djdlqvw wkdw djhqw1 Wkxv/ frqwudfwv vxvwdlqlqj frrshudwlrq fdq eh
hqirufhg zlwkrxw lpsrvlqj glvsxwh uhvroxwlrq frvwv1 Xqghu olplwhg yhuldelolw|/ lq frqwudvw/
wkh lqwhuphgldu| fdq yhuli| rqo| wkdw d glvsxwh kdv dulvhq1 Wkh lghqwlw| ri wkh suhflslwdwlqj
djhqw fdqqrw eh dvfhuwdlqhg/ dqg wkxv wkh wudqvjuhvvru fdqqrw eh lvrodwhg iru sxqlvkphqw e|
wkh lqwhuphgldu|1 Lq wklv fdvh/ frrshudwlrq fdq eh vxvwdlqhg li dqg rqo| li glvsxwh uhvroxwlrq
frvwv duh vx!flhqwo| kljk1 Khuh/ frvwo| glvsxwh uhvroxwlrq vhuyhv dv dq lpsolflw erqg rq wkh
uhodwlrqvkls1 Vlqfh wkh djhqwv nqrz wkdw fhuwlfdwlrq ri glvsxwh uhvroxwlrq lv frvwo|/ wkh| duh
ghwhuuhg iurp lqlwldwlqj glvsxwhv1 Zh vkrz ixuwkhu wkdw hyhq zlwk ixoo yhuldelolw|/ frvwo|
glvsxwh uhvroxwlrq pd| eh qhfhvvdu| iru vxvwdlqlqj frrshudwlrq zkhq wkhuh duh frqvwudlqwv
rq wkh vl}h ri frqwudfwhg wudqvihuv wkdw fdq eh lpsrvhg e| wkh lqwhuphgldu|1
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Lpsruwdqwo|/ zh dujxh wkdw wkh djhqwv fdqqrw uhsolfdwh vxfk d glvsxwh uhvroxwlrq phfkd0
qlvp rq wkhlu rzq/ vlqfh lw zrxog frvw wkhp qrwklqj wr fkdqjh wkhlu rzq lqwhuqdo ghvljqdwlrq
frqfhuqlqj wkh vwdwxv ri wkhlu uhodwlrqvkls> l1h1/ ehwzhhq wkhpvhoyhv wkh| fdq uhvroyh glvsxwhv
frvwohvvo|1 Wkxv/ zkhq wkh djhqwv duh hpeurlohg lq d glvsxwh/ wkh rqo| dowhuqdwlyh wr vhyhudqfh
lv sduwlflsdwlrq lq wkh r!fldo glvsxwh uhvroxwlrq surfhvv1 Lq dq hqylurqphqw ri olplwhg yhul0
delolw|/ hqirufhphqw v|vwhpv lqvwloo ydoxh wr glvsxwh uhvroxwlrq suhflvho| e| pdnlqj r!fldo
ghvljqdwlrqv frvwo| wr rewdlq/ wkhuhe| surylglqj lqfhqwlyhv wr dyrlg glvsxwhv17
Rxu prgho lv xvhixo iru xqghuvwdqglqj wkh ghvljq ri rswlpdo hqirufhphqw v|vwhpv1 Xqghu
hlwkhu ixoo ru olplwhg yhuldelolw|/ dq rswlpdo v|vwhp hqwdlov glvsxwh uhvroxwlrq frvwv vxi0
flhqwo| vpdoo wr hqvxuh wkdw djhqwv zloo vhhn glvsxwh uhvroxwlrq/ udwkhu wkdq vhyhu wkhlu
uhodwlrqvkls/ vkrxog d glvsxwh dulvh1 Wkxv/ dq rswlpdo v|vwhp idflolwdwhv wkh suhvhuydwlrq ri
uhodwlrqvklsv1 Ixuwkhu/ ixoo yhuldelolw| lpsrvhv dgghg h{ dqwh lqirupdwlrq frvwv wkdw pd|
h{fhhg wkh dgghg h{ srvw glvsxwh uhvroxwlrq frvwv wkdw dulvh zkhq yhuldelolw| lv olplwhg1 Lq
wklv lqvwdqfh/ dq hqirufhphqw v|vwhp wkdw uholhv rq olplwhg lqirupdwlrq  dqg wkdw wrohu0
dwhv rffdvlrqdo frvwo| glvsxwhv  fdq eh rswlpdo gxh wr hfrqrpl}lqj rq lqirupdwlrq frvwv1
Eurdgo| xvhg jhqhudo hqirufhphqw v|vwhpv/ vxfk dv sxeolf frxuwv/ pd| eh loo0vxlwhg wr wkh
sduwlfxodu ihdwxuhv ri jlyhq uhodwlrqvklsv/ dqg pd| lpsrvh kljk lqirupdwlrq frvwv1 Lq vxfk
fdvhv/ jurxsv ri djhqwv pd| eh zloolqj wr lqfxu dgghg ryhukhdg frvwv wr hvwdeolvk vshflf
hqirufhphqw v|vwhpv wkdw duh ehwwhu wdloruhg wr wkhlu rzq flufxpvwdqfhv1 Lqvwlwxwlrqv vxfk
dv wkh QJID pd| eh xqghuvwrrg lq wkhvh whupv1
Glvsxwh uhvroxwlrq surfhvvhv fdq dovr sod| d uroh lq uhvroylqj sureohpv dvvrfldwhg zlwk
7 Lw

lv lpsruwdqw wr glvwlqjxlvk glvsxwh uhvroxwlrq frvwv/ zklfk duh qhfhvvdu| iru frrshudwlrq xqghu olplwhg

hqirufhdelolw|/ iurp uhqhjrwldwlrq frvwv ri wkh irup vwxglhg e| Juhhq dqg Odrqw +4<<7,/ Eoxph +4<<7, dqg
PfFxwfkhrq +4<<:,1 Lq rxu prgho/ djhqwv duh dozd|v deoh wr frvwohvvo| uhqhjrwldwh wkhlu mrlqw ghflvlrqv/
lqfoxglqj wkh sdudphwhuv ri wkhlu zulwwhq frqwudfw dqg htxloleulxp vhohfwlrq1 Zkdw pdwwhuv lv wkdw wkhuh
lv d wklug sduw| zkr sodfhv vrph ghvljqdwlrq rq wkh uhodwlrqvkls dqg zkr lpsrvhv frvwv iru dowhulqj wklv
ghvljqdwlrq1
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lqfrpsohwh frqwudfwlelolw| ri vshflf lqyhvwphqwv/ nqrzq dv krogxsv1 Zh h{whqg rxu edvlf
prgho ri olplwhg yhuldelolw| wr lqfrusrudwh d orqj0whup/ vshflf lqyhvwphqw wkdw lv pdgh e|
rqh ri wkh djhqwv dw wkh rxwvhw ri wkh uhodwlrqvkls1 Vlqfh wklv djhqw grhv qrw kdyh doo wkh
edujdlqlqj srzhu lq wkh uhodwlrqvkls/ kh suhihuv dq lqyhvwphqw ohyho wkdw lv wrr vpdoo uhodwlyh
wr wkh h!flhqw ohyho1 Dv lqyhvwphqw ulvhv/ krzhyhu/ wkh uhodwlrqvkls ehfrphv pruh ydoxdeoh/
dqg frrshudwlrq ehfrphv hdvlhu wr vxvwdlq1 Li wkh ohyho ri glvsxwh uhvroxwlrq frvwv lv orzhuhg/
wkh djhqw fdq eh irufhg wr udlvh klv lqyhvwphqw ohyho lq rughu wr suhvhuyh wkh ihdvlelolw| ri
vxevhtxhqw frrshudwlrq1 Zh ghprqvwudwh wkdw dq dssursuldwh fkrlfh ri glvsxwh uhvroxwlrq
frvwv fdq lpsohphqw wkh h!flhqw lqyhvwphqw ohyho wkurxjk wklv phfkdqlvp1
Rxu sdshu ihdwxuhv d wkhruhwlfdoo| lqqrydwlyh dssurdfk wr prghoolqj rqjrlqj uhodwlrq0
vklsv/ edvhg rq phwkrgv gudzq iurp vwdqgdug frqwudfw wkhru|1 Wkh olwhudwxuh rq vshflf
lqyhvwphqw dqg krogxsv jhqhudoo| hpsor|v d frrshudwlyh edujdlqlqj vroxwlrq wr ghvfuleh wkh
rxwfrph ri h{ srvw qhjrwldwlrq18 Edujdlqlqj zhljkwv dqg d glvdjuhhphqw srlqw +xvxdoo| hq0
wdlolqj hqirufhphqw ri dq rxwvwdqglqj frqwudfw, ghwhuplqh wkh rxwfrph1 Zh xvh wkh vdph
whfkqltxh/ exw zh dsso| lw lq d vhwwlqj ri uhfxuuhqw qhjrwldwlrq1 Zh prgho uhqhjrwldwlrq
ehwzhhq wkh djhqwv/ zklfk rffxuv lq hdfk shulrg/ xvlqj dq h{solflw frrshudwlyh edujdlqlqj
jdph1 Doo ri wkh djhqwv* mrlqw ghflvlrqv/ lqfoxglqj frqwudfwhg wudqvihuv/ zkhwkhu ru qrw wr
dssurdfk wkh lqwhuphgldu|/ zkhwkhu wr vhyhu wkh uhodwlrqvkls/ dqg wkh vhohfwlrq ri htxlole0
ulxp/ duh ghwhuplqhg e| wkh edujdlqlqj vroxwlrq1 Rxu prgho hplwv d xqltxh htxloleulxp/
lq frqwudvw wr vwdqgdug uhsxwdwlrq0edvhg irupxodwlrqv lq zklfk wkh iron wkhruhp doorzv
sxqlvkphqwv wr eh frqvwuxfwhg e| duelwudulo| olqnlqj htxloleulxp vhohfwlrqv wr djhqwv* sdvw
dfwlrqv19
8D

uhsuhvhqwdwlyh vdpsoh ri wklv odujh olwhudwxuh lqfoxghv Zlooldpvrq +4<:<,/ Jurxw +4<;7,/ Jurvvpdq dqg

Kduw +4<;9,/ dqg Kduw dqg Prruh +4<<3,1
9 Ehfdxvh

ri wkh djhqwv* delolw| wr krog xs wkh uhodwlrqvkls lq hdfk shulrg/ vfkhphv wkdw duh uhqhjrwldwlrq

surri lq wkh vhqvh ri Ehuqkhlp dqg Ud| +4<;<, dqg Iduuhoo dqg Pdvnlq +4<;<, fdqqrw eh vxssruwhg1 Wkh
wkhru| ri Shdufh +4<;:,/ Deuhx dqg Shdufh +4<<4,/ dqg Deuhx/ Shdufh/ dqg Vwdffkhwwl +4<<6, wdnhv d vwhs
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Wklv sdshu exlogv rq rxu suhylrxv zrun dlphg dw h{dplqlqj ydulrxv idfhwv ri rqjrlqj
frqwudfwxdo uhodwlrqv1 Udph| dqg Zdwvrq +4<<<, surylgh d jhqhudo wkhru| ri zk| djhqwv
frqglwlrq wkhlu ghflvlrqv rq wkh vwdwxv ri wkhlu uhodwlrqvkls dv ghqhg e| dq h{whuqdo vrfldo
lqvwlwxwlrq/ dv rssrvhg wr dwwhpswlqj wr hqirufh frqwudfwv rq wkhlu rzq1 Wkh hvvhqfh ri
wklv jhqhudo wkhru| lv fdswxuhg e| wkh qrwlrq ri d xqlirupo| ehvw htxloleulxp suhvhqwhg
khuh1 Udph| dqg Zdwvrq +4<<:, dqg ghq Kddq/ Udph|/ dqg Zdwvrq +4<<<d/f, dqdo|}h
hpsor|phqw uhodwlrqvklsv xvlqj d yduldqw ri wkh prgho frqvlghuhg khuh1 Wkhvh sdshuv irfxv
rq frpshqvdwlrq srolflhv dqg frqglwlrqv xqghu zklfk uhodwlrqvklsv zloo eh iudjloh/ l1h1/
vxemhfw wr vhsdudwlrqv wkdw uhgxfh mrlqw vxusoxv1 Ghq Kddq/ Udph| dqg Zdwvrq +4<<<e,
h{whqg wkhvh lghdv wr fuhglw pdunhw uhodwlrqvklsv wkdw duh vxemhfw wr olplwhg oltxlglw|1 Wkhvh
sdshuv devwudfw iurp wkh frqvlghudwlrq ri glvsxwh uhvroxwlrq e| dvvxplqj wkdw frqwudfwxdo
ylrodwlrqv uhvxow lq vhyhudqfh1 Wkh fxuuhqw sdshu fdq eh ylhzhg dv surylglqj d wkhruhwlfdo
irxqgdwlrq iru glvsxwh0lqgxfhg vhyhudqfh1
Rwkhu uhohydqw zrun lqfoxghv wkh olwhudwxuh rq olwljdwlrq surfhvvhv/ lq sduwlfxodu glv0
fryhu|1: Rxu prghoolqj h{huflvh dovr vshdnv wr wkh dowhuqdwlyh glvsxwh uhvroxwlrq +DGU,
pryhphqw/ zklfk kdv irfxvvhg rq wkh ghvljq ri glvsxwh uhvroxwlrq v|vwhpv wkdw irvwhu ehwwhu
lqirupdwlrq jdwkhulqj/ orzhu glvsxwh uhvroxwlrq frvwv/ dqg suhvhuydwlrq ri uhodwlrqvklsv1; Rxu
wrzdug lqfrusrudwlqj edujdlqlqj srzhu lqwr uhshdwhg jdphv1 Qrwh wkdw rxu wkhru| h{solflwo| prghov uhfxuuhqw
qhjrwldwlrq dqg wlhv hqirufhphqw wr lqwhuphgldulhv1
: Wkhruhwlfdo

zrun rq olwljdwlrq lv vxuyh|hg e| Frrwhu dqg Uxelqihog +4<;<,1 Glvfryhu| surfhvvhv kdyh ehhq

prghoohg e| Vreho +4<;8,/ Vkdyhoo +4<;<, dqg Frrwhu dqg Uxelqihog +4<<7,1 Vwxglhv ri glvfryhu| jhqhudoo|
hpskdvl}h dv|pphwulhv ri lqirupdwlrq ehwzhhq wkh frqwudfwlqj sduwlhv/ zkloh zh irfxv rq glhuhqfhv ehwzhhq
zkdw wkh sduwlhv mrlqwo| revhuyh dqg zkdw wkh| fdq yhuli| wr wkh hqirufhphqw dxwkrulw|1 Ixuwkhu/ zh gr qrw
prgho lqfhqwlyhv lq wkh glvfryhu| surfhvv/ exw lqvwhdg dvvxph wkdw doo yhuldeoh lqirupdwlrq lv dxwrpdwlfdoo|
pdgh nqrzq wr wkh lqwhuphgldu|1
; Wkh

DGU olwhudwxuh lv txlwh odujh dqg ydulhg1 Khqu| dqg Olhehupdq +4<;8, dqg Jrogehuj/ Vdqghu dqg

Urjhuv +4<<5, surylgh jrrg lqwurgxfwlrqv dqg vxuyh|v ri wklv olwhudwxuh1 Vhh Vkdyhoo +4<<8, iru d uhfhqw
hydoxdwlrq lq wkh odz0dqg0hfrqrplfv yhlq1
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sdshu surylghv d wkhruhwlfdo iudphzrun iru dvvhvvlqj wkh wudgh0rv lqyroyhg lq ghvljqlqj dq
DGU v|vwhp1 E| hpskdvl}lqj d ihz vdolhqw urohv ri lqwhuphgldulhv/ zh duh deoh wr jhqhudwh
lqvljkwv rq krz frqwudfw hqirufhphqw lv dfklhyhg1 Krzhyhu/ lw lv lpsruwdqw wr uhfrjql}h wkh
olplwv ri rxu dqdo|vlv/ zklfk vwhp iurp rxu frqqhg irfxv rq frpsohwh lqirupdwlrq dqg ud0
wlrqdolw|/ dv zhoo dv rxu qduurz ghqlwlrq ri glvsxwh +frqwudfwxdo euhdfk,1 Pdq| rwkhu urohv
ri lqwhuphgldulhv ghvhuyh vwxg|1< Zh ylhz rxu prgho dv d xvhixo uvw vwhs lq xqghuvwdqglqj
wkh eurdg ixqfwlrqlqj ri lqwhuphgldulhv lq frqwudfw hqirufhphqw1
Vhfwlrq 5 lqwurgxfhv rxu prgho ri frqwudfwxdo uhodwlrqvklsv dqg hqirufhphqw lqvwlwxwlrqv/
dqg Vhfwlrq 6 ghyhorsv wkuhh ehqfkpdun fdvhv ri hqirufhphqw wkdw glhu zlwk uhvshfw wr
yhuldelolw| ri lqirupdwlrq dqg frqvwudlqwv rq frqwudfwleoh wudqvihuv1 Rswlpdo hqirufhphqw
v|vwhpv duh frqvlghuhg lq Vhfwlrq 7/ lpsolfdwlrqv iru wkh krogxs sureohp duh glvfxvvhg lq
Vhfwlrq 8/ dqg Vhfwlrq 9 frqfoxghv1
51
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Frqwudfwlqj Prgho

Frqwudfwxdo Uhodwlrqvkls1 Zh vxssrvh wkhuh duh wzr djhqwv/ ghqrwhg e|  ' c 2/

zkr lqwhudfw lq glvfuhwh shulrgv/ qxpehuhg | ' c 2c 1 Hdfk shulrg frqvlvwv ri wkuhh skdvhv1
Iluvw/ wkhuh lv d qhjrwldwlrq skdvh/ zkhuh wkh djhqwv pdnh mrlqw ghflvlrqv frqfhuqlqj wkhlu
uhodwlrqvkls1 Qh{w iroorzv dq hqirufhphqw skdvh/ lq zklfk wkh djhqwv fdq vhhn h{whuqdo
hqirufhphqw ri wkhlu frqwudfw1 Ilqdoo|/ wkhuh rffxuv d surgxfwlrq skdvh/ zkhuh wkh djhqwv
pdnh sulydwh ghflvlrqv1 Wkh uhodwlrqvkls fdq lq sulqflsoh frqwlqxh lqghqlwho|/ exw djhqwv
dovr kdyh wkh rswlrq ri shupdqhqwo| vhyhulqj wkh uhodwlrqvkls lq wkh qhjrwldwlrq skdvh ri dq|
< Iru

h{dpsoh/ khuh duh wkuhh urohv wkdw zh gr qrw dgguhvv1 Wkh uvw/ zlgho| dwwulexwhg wr Vfkhoolqj +4<93,/

ylhzv wklug0sduw| phgldwlrq dv d frruglqdwlrq lqvwlwxwlrq wkdw khosv djhqwv frppxqlfdwh +e| dxwkhqwlfdwlqj
phvvdjhv, dqg vhohfw d vshflf htxloleulxp iurp zlwklq d vhw ri srvvlelolwlhv> vhh dovr Gl{lw dqg Qdohex
+4<<6,1 Vhfrqg/ dv Plojurp/ Qruwk dqg Zhlqjdvw +4<<3, vwxg|/ dq lqwhuphgldu| fdq idflolwdwh frrshudwlrq
lq rqh0vkrw uhodwlrqvklsv e| glvvhplqdwlqj lqirupdwlrq derxw djhqwv* sdvw glvsxwhv dqg wkhlu uhvroxwlrq1
Glvfxvvlrqv iurp rxwvlgh ri wkh hfrqrplfv olwhudwxuh hpskdvl}h d wklug uroh= wkdw lqwhuphgldulhv fdq vhuyh
wr idflolwdwh udwlrqdo glvfxvvlrq dqg ghflvlrq0pdnlqj e| frrolqj djhqwv* hprwlrqv lq wkh khdw ri glvsxwhv1
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shulrg1
Irupdo frqwudfwlqj ehwzhhq wkh djhqwv wdnhv wkh irup ri dq djuhhphqw wr pdnh h{whuqdoo|
hqirufhg prqhwdu| wudqvihuv 6 dqg 62 / zkhuh 6 ghqrwhv wkh sd|phqw uhfhlyhg ru pdgh
e| djhqw / dqg 6 n 62 ' f143 Wudqvihuv pd| eh frqglwlrqhg rq uhohydqw vwdwh yduldeohv/ dv
glvfxvvhg ehorz1 Hdfk djhqw zlvkhv wr pd{lpl}h wkh glvfrxqwhg vxp ri klv sd|r vwuhdp/
zkhuh wkh sd|r zlwklq d shulrg lv jlyhq e| wkh vxp ri qhw prqhwdu| wudqvihuv dqg sd|rv
rewdlqhg lq wkh surgxfwlrq skdvh1
Zh qrz jlyh pruh ghwdlohg ghvfulswlrqv ri wkh wkuhh skdvhv/ lq uhyhuvh rughu1
Surgxfwlrq Skdvh1 Lq wkh surgxfwlrq skdvh/ wkh djhqwv pdnh vlpxowdqhrxv sulydwh
ghflvlrqv zklfk ghwhuplqh wkhlu surgxfwlyh rxwfrph lq wkh shulrg1 Wr nhhs wkh prgho vlpsoh/
zh doorz iru mxvw wzr srvvleoh fkrlfhv iru hdfk djhqw  kljk +M, ru orz +u,  dqg zh
dvvxph wkh sd|rv wdnh wkh irup ri d sulvrqhuv* glohppd1 Wkh surgxfwlrq ghflvlrqv pd| eh
eurdgo| frqvwuxhg wr lqfoxgh d udqjh ri srvvleoh ehkdylruv/ lqfoxglqj wlpho| gholyhu| ri jrrgv
ru vhuylfhv/ txdolw| ru hruw ohyhov/ dgkhuhqfh wr yhulfdwlrq duudqjhphqwv/ wkhiw/ dqg dexvhv
ri dxwkrulw| lq djhqf| uhodwlrqvklsv/ vxfk dv dvvljqphqw wr xqsohdvdqw wdvnv1 Djhqw  rewdlqv
d zlwklq0shulrg sd|r ri 5 zkhq erwk djhqwv fkrrvh M lq d jlyhq shulrg1 Krzhyhu/ li djhqw
 h{huwv kljk hruw/ wkhq djhqw  fdq rewdlq d sd|r ri % e| fkrrvlqj u/ lq zklfk fdvh djhqw
 uhfhlyhv + 1 Li erwk djhqwv vhohfw u/ wkhq hdfk rewdlqv d sd|r ri }hur1 Surgxfwlrq fkrlfhv
dqg sd|rv duh looxvwudwhg lq wkh wdeoh ehorz1 Wkh djhqwv revhuyh hdfk rwkhu*v dfwlrqv dw
wkh hqg ri wkh surgxfwlrq skdvh1
43 Lq

sulqflsoh/ djhqwv frxog qhjrwldwh lqh!flhqw frqwudfwv wkdw vhw pl . pm ? 3/ dqg dovr frqwudfwhg

sd|phqwv frxog ydu| ryhu wlph1 Vxfk frqwudfwv zrxog qrw dulvh lq htxloleulxp/ krzhyhu/ ehfdxvh djhqwv
zrxog dozd|v suhihu wr uhzulwh wkhp sulru wr h{whuqdo hqirufhphqw1 Wkxv/ iru vlpsolflw| zh zloo qrw frqvlghu
wkhp h{solflwo|1
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rughu wr uxoh rxw lqhvvhqwldo vshfldo fdvhv1 Li wkh uhodwlrqvkls lv vhyhuhg/ wkhq djhqw  rewdlqv
wkh ydoxh  iurp wkh vwduw ri wkh qh{w shulrg/ uhsuhvhqwlqj rssruwxqlwlhv rxwvlgh ri wkh
uhodwlrqvkls1 Dvvxph  : f iru  ' c 21 Zh vxssrvh ixuwkhu wkdw/ lq wkh devhqfh ri
h{whuqdo hqirufhphqw/ wkh ydoxh ri kljk hruw lv vx!flhqwo| juhdw wr glvvxdgh hdfk djhqw
iurp xqlodwhudoo| h{huwlqj orz hruw dqg wkhq h{huflvlqj wkh vhyhudqfh rswlrq dw wkh vwduw ri
wkh qh{w shulrg1 D qhfhvvdu| frqglwlrq iru wklv lv=
5
: % n Bc
B

+4,

zkhuh % ' % n %2 /  '  n 2 / dqg B jlyhv wkh glvfrxqw idfwru144
Hqirufhphqw Skdvh dqg Lqwhuphgldwlrq1 Hqirufhphqw ri wkh irupdo frqwudfw/ dqg
uhvroxwlrq ri glvsxwhv dulvlqj xqghu wkh frqwudfw/ lv yhvwhg lq d wklug sduw| fdoohg wkh lqwhu0
phgldu|/ zkr lqwhuyhqhv lq wkh uhodwlrqvkls gxulqj wkh hqirufhphqw skdvh1 Wkh lqwhuphgldu|
pdlqwdlqv dq rqjrlqj uhfrug ri wkh fxuuhqw vwdwxv/ ru vwdwh/ ri wkh uhodwlrqvkls/ uh hfwlqj
lqirupdwlrq derxw wkh uhodwlrqvkls wkdw fdq eh xvhg e| wkh lqwhuphgldu| iru sxusrvhv ri
frqwudfw hqirufhphqw1 Wkh lqwhuphgldu| fdq dovr pdnh fkdqjhv lq wkh vwdwh gxulqj wkh hq0
irufhphqw dqg surgxfwlrq skdvhv/ dqg srvvleo| lpsrvh frvwv rq wkh djhqwv1 Lpsruwdqwo|/
lqwhuyhqwlrq e| wkh lqwhuphgldu| lv wuljjhuhg rqo| dw wkh uhtxhvw ri wkh frqwudfwlqj djhqwv1
44 Ixwxuh

sxqlvkphqwv fdqqrw gulyh djhqw l*v sd|r ehorz zl / hovh djhqw l zrxog xqlodwhudoo| vhyhu wkh

uhodwlrqvkls lq wkh qhjrwldwlrq skdvh/ dv ghvfulehg ehorz1 Dffruglqjo|/ dw ohdvw rqh ri wkh djhqwv zrxog
kdyh wkh lqfhqwlyh wr fkrrvh orz hruw  dqg frrshudwlrq zrxog eh xqvxvwdlqdeoh  li lqhtxdolw| +4, zhuh
uhyhuvhg1
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Wkurxjkrxw wkh sdshu/ zh irfxv rq frqwudfwv lq zklfk wkh djhqwv vhhn wr lpsohphqw
wkh ghvludeoh +Mc M, rxwfrph lq hdfk shulrg*v surgxfwlrq skdvh1 Wkh vhw ri srvvleoh vwdwhv
uhfrughg e| wkh lqwhuphgldu| lv ghqhg uhodwlyh wr wklv rxwfrph1 Wkh uhodwlrqvkls uhpdlqv
lq wkh frrshudwlyh vwdwh/ uhihuuhg wr dv vwdwh / dv orqj dv wkh djhqwv pdlqwdlq wkh fkrlfhv
+Mc M,1 Rq wkh rwkhu kdqg/ li hlwkhu djhqw fkrrvhv u wkhq d glvsxwh vwdwh lv wuljjhuhg1 Zh
doorz iru pxowlsoh glvsxwh vwdwhv/ ghqrwhg e| (& 1
Zh dovr dvvxph wkdw irupdo glvsxwhv fdq eh wuljjhuhg e| vsxulrxv hyhqwv/ xquhodwhg wr
dq| plvehkdylru e| wkh djhqwv> wkhvh duh fdoohg qxlvdqfh glvsxwhv1 Zkhq wkh uhodwlrqvkls
hqgv d shulrg lq vwdwh / d qxlvdqfh glvsxwh pd| rffxu zlwk suredelolw| 1 Wkh udqgrp
gudz wkdw ghwhuplqhv zkhwkhu d qxlvdqfh glvsxwh rffxuv wdnhv sodfh dw wkh hqg ri d shulrg/
iroorzlqj wkh surgxfwlrq skdvh1 Wkh rffxuuhqfh ri d qxlvdqfh glvsxwh fdxvhv wkh vwdwh wr eh
vzlwfkhg wr rqh ri wkh glvsxwh vwdwhv (& +wr eh vshflhg ehorz,/ zklfk lv wkhq lq hhfw dw
wkh ehjlqqlqj ri wkh qh{w shulrg1 Dvvxph  lv srvlwlyh exw vx!flhqwo| vpdoo wr jlyh
5 n B
: % n Bc
  E  B

+5,

zklfk lv dqdorjrxv wr +4,/ exw lqfoxghv wkh srvvlelolw| wkdw qxlvdqfh glvsxwhv ohdg wr vhyhudqfh
ri wkh uhodwlrqvkls1 Qxlvdqfh glvsxwhv fdq eh lqwhusuhwhg dv dfwxdo glvsxwhv wuljjhuhg e|
plvxqghuvwdqglqjv ehwzhhq wkh djhqwv ru e| rqh0wlph ghdolqjv zlwk rxwvlgh sduwlhv/ ru dv
plvwdnhv e| wkh lqwhuphgldu|1
Wkhuh duh wzr dvshfwv wr lqwhuyhqwlrq e| wkh lqwhuphgldu|1 Iluvw/ wkh lqwhuphgldu| fdq
hqirufh wkh frqwudfwhg wudqvihuv 6 dqg 62 edvhg rq wkh fxuuhqw vwdwh1 Iru vlpsolflw|/ zh
dvvxph wkdw wkh lqwhuphgldu| grhv qrw lpsrvh frvwv rq wkh djhqwv iru hqiruflqj wudqvihuv1
Vhfrqg/ zkhq wkh uhodwlrqvkls vwduwv wkh hqirufhphqw skdvh lq vwdwh (& / wkh lqwhuphgldu|
pd| fduu| rxw d glvsxwh uhvroxwlrq surfhvv/ zklfk surfhhgv lq wkh iroorzlqj zd|1 Wkh djhqwv
hdfk sd| d frvw S*2 dw wkh rxwvhw ri wkh hqirufhphqw skdvh1 Wkhq/ zlwk suredelolw|   R/ wkh
lqwhuphgldu| r!fldoo| uhvroyhv wkh glvsxwh e| vzlwfklqj wkh vwdwh wr / dqg wkh uhodwlrqvkls
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frqwlqxhv wr wkh surgxfwlrq skdvh lq wkh fxuuhqw shulrg1 Zlwk suredelolw| R/ wkh lqwhuphgldu|
idlov wr uhvroyh wkh glvsxwh1 Lq wklv fdvh/ wkh vwdwh lv qrw fkdqjhg/ wkh djhqwv plvv wkh
rssruwxqlw| wr surgxfh lq wkh fxuuhqw shulrg +wkh surgxfwlrq skdvh lv vnlsshg,/ dqg wkh
glvsxwh uhvroxwlrq surfhvv lv dxwrpdwlfdoo| lqyrnhg djdlq dw wkh vwduw ri wkh qh{w shulrg1
Ixuwkhu/ frqwudfwhg wudqvihuv duh qrw hqirufhg djdlq lq wkh iroorzlqj shulrg1 Suredelolw| R
uhsuhvhqwv ghod| lq wkh dwwdlqphqw ri irupdo glvsxwh uhvroxwlrq1 Olwljdwlrq pd| lpsrvh vxfk
ghod|v/ iru h{dpsoh1
Zh qrz surylgh ixuwkhu ghwdlov frqfhuqlqj wkh wudqvlwlrqv ehwzhhq vwdwhv1 Wkh uhodwlrq0
vkls ehjlqv wkh lqlwldo shulrg lq vwdwh / zklfk lv pdlqwdlqhg xqwlo rqh ri wkh iroorzlqj wzr
hyhqwv rffxuv= +l, Rqh ru erwk djhqwv fkrrvh u lq wkh surgxfwlrq skdvh> lq wklv fdvh d glvsxwh
euhdnv rxw/ dqg wkh vwdwh lv lpphgldwho| vzlwfkhg wr rqh ri wkh glvsxwh vwdwhv (& 1 +ll, Wkh
uhodwlrqvkls hqgv wkh surgxfwlrq skdvh lq vwdwh / exw d qxlvdqfh glvsxwh rffxuv/ ohdglqj wr
wkh ghvljqdwhg qxlvdqfh glvsxwh vwdwh1 Rqfh wkh uhodwlrqvkls lv lq vwdwh (& / lw uhpdlqv wkhuh
xqwlo vxffhvvixo glvsxwh uhvroxwlrq vzlwfkhv wkh vwdwh edfn wr / ru hovh wkh uhodwlrqvkls lv
vhyhuhg1
Fkdqjhv lq wkh vwdwh iurp  wr (& wkdw duh lqgxfhg e| wkh djhqwv* surgxfwlyh fkrlfhv
fruuhvsrqg wr hyhqwv wkdw fdq eh yhulhg e| wkh lqwhuphgldu|1 Yhulfdwlrq duudqjhphqwv fdq
wdnh wzr irupv1 Iluvw/ wkh lqwhuphgldu| frxog revhuyh wkh uhodwlrqvkls lq hdfk surgxfwlrq
skdvh rq dq rqjrlqj edvlv/ wdnlqj qrwh ri wkh surgxfwlrq rxwfrph dqg prgli|lqj wkh vwdwh
dffruglqjo|1 Dowhuqdwlyho|/ wkh lqwhuphgldu| pljkw revhuyh surgxfwlrq rxwfrphv rqo| zkhq
lqwhuyhqwlrq lv uhtxhvwhg e| rqh ri wkh djhqwv1 Wkh lqwhuphgldu| wkhq dvfhuwdlqv wkh fruuhfw
vwdwh rqo| dw wkh srlqw ri lqwhuyhqwlrq/ e| h{dplqlqj uhfrugv ri sdvw surgxfwlrq skdvhv1 Lq
wklv fdvh/ yhuldelolw| ri dfwlrqv uhihuv wr zkdw fdq eh glvfryhuhg rq wkh edvlv ri wkh klvwrulfdo
uhfrug1 Rxu prgho dssolhv htxlydohqwo| wr hlwkhu ri wkhvh wzr fdvhv> wkh hvvhqwldo srlqw lv
wkdw wkh vwdwh uhfrugv wkh lqirupdwlrq wkdw zloo eh xvhg e| wkh lqwhuphgldu| zkhq frqwudfw
hqirufhphqw lv uhtxhvwhg1
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Qhjrwldwlrq Skdvh1 Lq wkh qhjrwldwlrq skdvh/ wkh djhqwv mrlqwo| ghflgh zkhwkhu dqg
krz wr frqwlqxh wkhlu uhodwlrqvkls lq wkh vkruw uxq e| vhohfwlqj dprqj= +', txlw/ +-, uh0
vroyh/ dqg +C, jr rq1 Li ' lv fkrvhq/ wkhq wkh uhodwlrqvkls lv vhyhuhg dqg wkh djhqwv uhfhlyh
wkhlu rxwvlgh rswlrq ydoxhv  dqg 2 1 Lq wkh hyhqw ri '/ hlwkhu djhqw fdq dsshdo wr wkh
lqwhuphgldu| lq wkh hqvxlqj hqirufhphqw skdvh wr hqirufh frqwudfwhg wudqvihuv/ diwhu zklfk
wkh uhodwlrqvkls fhdvhv1 Wkh fkrlfh ri - phdqv wkh djhqwv ghflgh wr dsshdo wr wkh lqwhu0
phgldu| iru glvsxwh uhvroxwlrq> lq wkh hqvxlqj hqirufhphqw skdvh/ wkh lqwhuphgldu| hqirufhv
wkh frqwudfwhg wudqvihuv dqg lqlwldwhv wkh glvsxwh uhvroxwlrq surfhvv1 C phdqv wkh djhqwv
frqwlqxh wkhlu uhodwlrqvkls zlwkrxw dsshdolqj wr wkh lqwhuphgldu|> lq wklv fdvh/ wkh djhqwv
vnls gluhfwo| wr wkh surgxfwlrq skdvh1 Dv qrwhg deryh/ wkh djhqwv kdyh qr mrlqw ghflvlrq wr
pdnh li wkh| hqwhu d shulrg lq wkh glvsxwh uhvroxwlrq surfhvv> wkh surfhvv frqwlqxhv xqwlo wkh
glvsxwh lv irupdoo| uhvroyhg145
Gxulqj wkh qhjrwldwlrq skdvh/ wkh djhqwv fdq dovr djuhh wr fkdqjh wkhlu irupdo frqwudfw
e| uh0vshfli|lqj wkh ixqfwlrqv 6 dqg 62 1 Lq dgglwlrq/ wkh| fdq pdnh vsrw prqhwdu| wudqv0
ihuv ehwzhhq wkhpvhoyhv gxulqj wkh qhjrwldwlrq skdvh/ dqg wkh| fdq hqjdjh lq phwd0ohyho
qhjrwldwlrq ryhu wkh htxloleulxp vhohfwlrq/ dv ghvfulehg ehorz1
5151

Htxloleulxp1 Zh xvh d jhqhudol}hg qrwlrq ri vwudwhj|/ fdoohg d uhjlph/ wr lqyhvwljdwh

ehkdylru lq wklv vhwwlqj1 Ohw wkh vhw ri vwdwhv eh ghqrwhg e| 71 D uhjlph frqvlvwv ri irxu
ixqfwlrqv w/ ?/ 6 dqg j ghqhg iru hdfk r 5 71 Wkh ixqfwlrq w pdsv hohphqwv r wr wkh
mrlqw ghflvlrq '/ - ru C pdgh lq wkh qhjrwldwlrq skdvh1 Vsrw wudqvihuv wr eh pdgh lq wkh
qhjrwldwlrq skdvh duh lqglfdwhg e| ? ' E? c ?2 / zkhuh ? Er n ?2 Er ' f1 Wkh ixqfwlrq 6
pdsv r wr frqwudfwhg wudqvihuv 6 dqg 62 wkdw duh hqirufhdeoh e| wkh lqwhuphgldu|1 Xqghu
wkh dvvxpswlrqv ri mrlqw rswlpdolw| pdgh ehorz/ dqg vlqfh 6 Er n 62 Er ' f/ zh fdq
45 Dv

d irxuwk ghflvlrq/ wkh djhqwv frxog uhtxhvw wkh lqwhuphgldu| wr hqirufh frqwudfwhg wudqvihuv zlwkrxw

lqlwldwlqj wkh glvsxwh uhvroxwlrq surfhvv1 Wklv ghflvlrq lv htxlydohqw wr J/ krzhyhu/ lq wkdw frqwudfwhg
wudqvihuv duh pdgh lpsolflwo| dv sduw ri edujdlqlqj lq wkh qhjrwldwlrq skdvh> vhh ehorz1
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suhvxph wkdw wkh djhqwv zloo qrw uhylvh wkhlu vshflfdwlrq ri 6> wkxv/ zh irfxv rq d vlqjoh
6 iru wkh olih ri wkh uhodwlrqvkls1 Ilqdoo|/ j pdsv r wr wkh surgxfwlyh fkrlfhv pdgh e| wkh
djhqwv lq wkh hqvxlqj surgxfwlrq skdvh146
Jlyhq d uhjlph/ zh fdq ghqh wkh djhqwv* frqwlqxdwlrq ydoxhv dv ixqfwlrqv ri wkh vwdwh1
Ohw } Er ghqrwh djhqw *v frqwlqxdwlrq ydoxh iurp wkh vwduw ri d shulrg lq vwdwh r1 Wklv lv wkh
glvfrxqwhg vxp ri djhqw *v sd|rv/ frqglwlrqdo rq wkh vwdwh r/ zlwk ixwxuh ehkdylru vshflhg
e| wkh uhjlph1 Zh ghqh }Er ' } Er n }2 Er wr eh wkh fruuhvsrqglqj mrlqw frqwlqxdwlrq
ydoxh ri wkh uhodwlrqvkls1 Revhuyh wkdw }Er grhv qrw ghshqg rq ?/ vlqfh wkh odwwhu phuho|
lqglfdwhv krz wkh frqwlqxdwlrq ydoxh lv glylghg ehwzhhq wkh djhqwv wkurxjk vsrw wudqvihuv lq
wkh qhjrwldwlrq skdvh1 Lq idfw/ jlyhq wkh rwkhu frpsrqhqwv ri wkh uhjlph/ } lv lpsolhg e| ?
dqg ylfh yhuvd1 Wkxv/ zh zloo qrw qhhg wr uhihu gluhfwo| wr ?/ dqg d uhjlph fdq eh ghvfulehg
e| w/ 6/ j/ dqg wkh djhqwv* frqwlqxdwlrq ydoxhv1
Ohw }Erm'/ }Erm- dqg }ErmC ghqrwh wkh mrlqw frqwlqxdwlrq ydoxhv frqglwlrqdo rq '/ dqg C ehlqj fkrvhq lq wkh qhjrwldwlrq skdvh/ zlwk ixwxuh ehkdylru vshflhg dffruglqj wr wkh
uhjlph1 Fohduo| }Erm' ' / zkloh edvhg rq wkh glvsxwh uhvroxwlrq surfhgxuh/ zh kdyh
}Erm- ' E  R}EmC n RB}Erm-  S

+6,

Wkh whup }EmC dsshduv khuh ehfdxvh/ vlqfh djhqwv zloo qrw wkurz prqh| dzd|/ wkh frq0
wlqxdwlrq sd|r frqglwlrqdo rq vxffhvvixo glvsxwh uhvroxwlrq lv h{dfwo| wkh vdph dv wkh ydoxh
ri fkrrvlqj C lq vwdwh 1 Zh dovr kdyh
}ErmC '  n E  B}Er  n B}E(g c
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+7,

vlpsolflw|/ zh kdyh uhvwulfwhg / q/ p dqg  wr eh ixqfwlrqv ri v/ udwkhu wkdq ri wkh ixoo vhw ri klvwrulhv

ri sod|1 Dv vkrzq lq Udph| dqg Zdwvrq +4<<<,/ krzhyhu/ rxu uhvxowv duh qrw dowhuhg e| doorzlqj wkh sod|huv
wr frqglwlrq wkhlu ehkdylru rq wkh ixoo vhw ri klvwrulhv lq dgglwlrq wr wkh vwdwh uhfrughg e| wkh lqwhuphgldu|/
jlyhq dq dssursuldwh h{whqvlrq ri rxu htxloleulxp vhohfwlrq fulwhulrq1 Wkh lvvxh ri wkh frqglwlrqlqj vhw lv
glvfxvvhg ixuwkhu lq wkh Frqfoxvlrq1
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zkhuh (g lv wkh glvsxwh vwdwh wuljjhuhg e| d qxlvdqfh glvsxwh/  jlyhv wkh mrlqw sd|r lq


wkh surgxfwlrq skdvh lpsolhg e| wkh fkrlfhv jEr/ dqg r lv wkh vwdwh wkdw rewdlqv iroorzlqj


wkh surgxfwlrq skdvh/ edvhg rq wkh fxuuhqw vwdwh r dqg wkh fkrlfhv jEr1
Lq htxloleulxp/ wkh pdsslqjv w/ 6/ dqg } duh fkrvhq wr vdwlvi| d edujdlqlqj vroxwlrq/
zkloh j lv ghwhuplqhg dffruglqj wr wkh xvxdo vxejdph shuihfwlrq uhtxluhphqw1 Wkh djhqwv*
mrlqw ghflvlrq lq wkh qhjrwldwlrq skdvh pd| eh uhsuhvhqwhg dv d vwdqgdug Qdvk edujdlqlqj
sureohp/ zlwk mrlqw vxusoxv ghwhuplqhg e| frqwlqxdwlrq ydoxhv dqg d glvdjuhhphqw srlqw1
Wkh srvvleoh frqwlqxdwlrq ydoxhv duh jlyhq e| / }Erm-/ ru }ErmC/ zkloh glvdjuhhphqw lq
wkh qhjrwldwlrq skdvh lpsolhv wkh ghflvlrq '/ zklfk zh dvvxph fdq eh xqlodwhudoo| lpsrvhg
e| hlwkhu djhqw1 Edujdlqlqj zhljkwv duh jlyhq e| qrqqhjdwlyh frqvwdqwv Z dqg Z 2 / zlwk
Z n Z2 ' > wkhvh ghwhuplqh krz vxusoxv lv glylghg lq wkh qhjrwldwlrq skdvh1 Iru wklv
zhoo0ghqhg edujdlqlqj sureohp/ zh hpsor| wkh jhqhudol}hg Qdvk vroxwlrq1 Wklv vroxwlrq
fdswxuhv wkh lghd wkdw hdfk djhqw fdq krog xs wkh uhodwlrqvkls lq wkh qhjrwldwlrq skdvh/
xvlqj wkh wkuhdw wr whuplqdwh wkh uhodwlrqvkls1
Rxu ghqlwlrq ri htxloleulxp lv vxppdul}hg dv iroorzv1
Ghqlwlrq 41 D uhjlph lv d qhjrwldwlrq htxloleulxp li wkh iroorzlqj wzr frqglwlrqv krog
iru hyhu| r 5 71
41 Mrlqw ghflvlrqv duh uhvroyhg dffruglqj wr wkh Qdvk edujdlqlqj vroxwlrq> wkdw lv/
}Er ' 4@ ic }Erm-c }ErmCjc

+8,

} Er '  n 6 Er n Z d}Er  o

+9,

dqg iru  ' c 2/

51 Sulydwh fkrlfhv jEr duh rswlpdo iru hdfk djhqw/ jlyhq wkh fkrlfh vshflhg iru wkh
rwkhu djhqw dqg wkh frqwlqxdwlrq ydoxhv }Er  lpsolhg e| wkh fxuuhqw vwdwh r dqg wkh


surgxfwlrq skdvh fkrlfhv1
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Revhuyh wkdw wkh ydoxh ri wkh rxwvlgh rswlrq lq +9,/  n 6 Er/ ghulyhv iurp djhqwv*
delolw| wr xqlodwhudoo| lqgxfh wkh ghflvlrq ' zlwk hqirufhphqw ri wkh frqwudfwhg wudqvihuv1
Wkh edujdlqlqj vroxwlrq jlyhv djhqw  sursruwlrq Z  ri wkh mrlqw vxusoxv }Er  / zkhuh vsrw
wudqvihuv ? dqg ?2 duh xvhg wr dfklhyh wkh qhfhvvdu| vsolw147
Vlqfh pxowlsoh qhjrwldwlrq htxloleuld pd| h{lvw/ zh dvvxph wkh djhqwv vhohfw wkhlu suh0
ihuuhg htxloleulxp lq wkh qhjrwldwlrq skdvh1 Wklv phwd0ohyho qhjrwldwlrq lv prghohg xvlqj
wkh iroorzlqj vlpsoh frqfhsw1
Ghqlwlrq 51 D qhjrwldwlrq htxloleulxp lv fdoohg xqlirupo| ehvw li/ iru hyhu| vwdwh r 5 7/
lw |lhogv wkh kljkhvw mrlqw frqwlqxdwlrq ydoxh dprqj doo qhjrwldwlrq htxloleuld1
Wr xqghuvwdqg wklv ghqlwlrq/ vxssrvh } lv wkh mrlqw ydoxh ixqfwlrq ri d jlyhq qhjrwldwlrq
htxloleulxp1 Wkhq wklv htxloleulxp lv xqlirupo| ehvw li }Er  } Er iru hyhu| vwdwh r 5 7 dqg


hyhu| } / zkhuh } lv wkh ydoxh ixqfwlrq ri dqrwkhu qhjrwldwlrq htxloleulxp1 Qrwh wkdw ehvw




lv phdvxuhg e| mrlqw frqwlqxdwlrq ydoxh1 Lq idfw/ vlqfh wkh djhqwv vkduh wkh frqwlqxdwlrq
ydoxh lq {hg sursruwlrqv +gxh wr Qdvk edujdlqlqj lq wkh qhjrwldwlrq skdvh,/ wkh| ixoo|
djuhh rq wkh udqnlqjv ryhu qhjrwldwlrq htxloleuld1 Zkhq d xqlirupo| ehvw htxloleulxp h{lvwv/
wkh djhqwv suhihu wklv vdph htxloleulxp lq hyhu| vwdwh1 Wkxv/ wkh htxloleulxp vhohfwlrq lv qrw
uhqhjrwldwhg ryhu wlph148
47 Zh

kdyh wkxv idu devwudfwhg iurp frqvlghulqj krz wkh djhqwv vhohfw p dqg glylgh mrlqw vxusoxv lq wkh

lqlwldo shulrg1 Dvvxph wkdw wkhuh lv qr rxwvwdqglqj irupdo frqwudfw dw wkh ehjlqqlqj ri wkh qhjrwldwlrq skdvh
lq shulrg 41 Wkxv/ jlyhq wkdw p fdq eh fkrvhq wr lpsohphqw wkh frrshudwlyh rxwfrph/ wkh djhqwv xvh vsrw
wudqvihuv lq wkh shulrg 4 qhjrwldwlrq skdvh wr hhfw d glylvlrq ri mrlqw vxusoxv jlylqj sd|r zl .  l ^j+F,  z`
wr djhqw l/ l1h1 jl +F, . q3l @ zl .  l ^j+F,  z`/ zkhuh jl +F, lv jlyhq e| +9, dqg q3l ghqrwhv wkh shulrg 4 vsrw
wudqvihu1
48 Vhh

Udph| dqg Zdwvrq +4<<<, iru d jhqhudol}dwlrq ri wkh xqlirup ehvw qrwlrq1
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Ehqfkpdun Fdvhv ri Hqirufhphqw

Wkh phwkrg ri frqwudfw hqirufhphqw xvhg e| wkh djhqwv klqjhv rq +l, wkh dprxqw ri lqiru0
pdwlrq wkdw lv yhuldeoh wr wkh lqwhuphgldu|/ +ll, wkh frvwv ri glvsxwh uhvroxwlrq/ dqg +lll,
wkh doorzdeoh vl}h ri frqwudfwhg shqdowlhv1 Lq wklv vhfwlrq/ zh frqvlghu wkuhh ehqfkpdun
fdvhv wkdw glhu zlwk uhvshfw wr yhuldelolw| ri lqirupdwlrq dqg frqvwudlqwv rq hqirufhdeoh
wudqvihuv1 Wkh dqdo|vlv zloo pdnh xvh ri wkh iroorzlqj ohppd/ zklfk fkdudfwhul}hv wkh mrlqw
frqwlqxdwlrq ydoxh lq d glvsxwh vwdwh iru dq| qhjrwldwlrq htxloleulxp1
Ohppd1 Lq dq| qhjrwldwlrq htxloleulxp/ iru doo (& / zh kdyh
+

}E(&  ' 4@

,

E  R}E  S
c

  RB

+:,

Surri1 Vxssrvh wkh fxuuhqw vwdwh lv (& hqwhulqj wkh qhjrwldwlrq skdvh/ dqg wkh djhqwv
vhohfw C1 Wkhq luuhvshfwlyh ri zkdw fkrlfhv duh pdgh lq wkh hqvxlqj surgxfwlrq skdvh/
djhqw *v frqwlqxdwlrq ydoxh hqwhulqj wkh iroorzlqj shulrg zloo eh } E(& 1 Lw iroorzv iurp
wkh sulvrqhuv* glohppd vwuxfwxuh ri wkh surgxfwlrq skdvh sd|rv wkdw hdfk djhqw zloo vhohfw
u1 Wkxv/ C fdqqrw eh dq htxloleulxp fkrlfh lq vwdwh (& / ru hovh wkh frqwlqxdwlrq sd|r
zrxog eh }hur +Euc u sod|hg ryhu dqg ryhu djdlq,/ zkhuhdv wkh djhqwv frxog rewdlq  : f
e| vhohfwlqj '1 Hlwkhu ' ru - zloo eh fkrvhq1 Xvlqj +6,/ zh qg wkdw +:, lqglfdwhv wkh
pd{lpl}hg ydoxh rewdlqhg1 T1H1G1
Wkh Ohppd lqglfdwhv wkdw wkh djhqwv zloo qrw vhohfw C rqfh d glvsxwh kdv eurnhq rxw/
vlqfh lqfhqwlyhv wr fkrrvh kljk hruw lq wkh surgxfwlrq skdvh duh xqghuplqhg jlyhq wkdw
wkh vwdwh kdv ehhq vzlwfkhg wr (& 1 Wkh djhqwv pxvw hlwkhu vhyhu wkhlu uhodwlrqvkls ru
vhhn glvsxwh uhvroxwlrq iurp wkh lqwhuphgldu|1 Wklv xqghuvfruhv wkh lpsruwdqfh ri glvsxwh
uhvroxwlrq v|vwhpv lq frqwudfwxdo uhodwlrqvklsv1 D glvsxwh uhvroxwlrq v|vwhp irupdoo| ghqhv
wkh rffxuuhqfh ri d glvsxwh dqg zkhwkhu lw lv uhvroyhg1 E| frqglwlrqlqj rq wkhvh glvwlqfwlrqv/
djhqwv duh deoh wr vxvwdlq frrshudwlrq rqo| xqghu wkh  vwdwh1
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4:

Ixoo Yhuldelolw| zlwk Xqfrqvwudlqhg Wudqvihuv1 Lq rxu uvw ehqfkpdun fdvh/

wkh frpsohwh klvwru| ri djhqwv* sdvw ehkdylru fdq eh yhulhg wr wkh lqwhuphgldu|1 Lq rwkhu
zrugv/ wkh lqwhuphgldu| fdq revhuyh zkhwkhu lqglylgxdo djhqwv vhohfwhg M ru u lq hduolhu
shulrgv1 Ixuwkhu/ lw lv dvvxphg wkdw wkhuh duh qr uhvwulfwlrqv rq wkh udqjh ri frqwudfwhg
wudqvihuv wkdw fdq eh hqirufhg1 Lq wklv frqwudfwlqj hqylurqphqw/ wkh djhqwv fdq hdvlo| vxvwdlq
frrshudwlrq/ xvlqj h{whuqdo hqirufhphqw wr gluhfwo| sxqlvk d sduw| zkr fkhdwv1
Iru vxvwdlqlqj frrshudwlrq lq wkh ixoo yhuldelolw| fdvh/ lw vx!fhv wr doorz iru wkuhh glvsxwh
vwdwhv/ ( / (2 dqg ( / zkhuh ( iru  ' c 2 phdqv wkdw djhqw  xqlodwhudoo| lqlwldwhg d
glvsxwh e| ehlqj wkh uvw wr sod| u vxevhtxhqw wr wkh prvw uhfhqw uhvroyhg glvsxwh/ zkloh
( phdqv wkh djhqwv vlpxowdqhrxvo| lqlwldwhg wkh glvsxwh e| vhohfwlqj u vlpxowdqhrxvo|1
Iru frqyhqlhqfh/ zh dvvxph wkdw qxlvdqfh glvsxwhv wuljjhu wkh glvsxwh vwdwh ( 1 Zh rewdlq
wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 41 Lq wkh fdvh ri ixoo yhuldelolw| zlwk xqfrqvwudlqhg wudqvihuv/ uhjdugohvv ri wkh
ydoxhv S dqg R/ wkhuh lv d xqlirupo| ehvw qhjrwldwlrq htxloleulxp1 Frrshudwlrq lv vxvwdlqhg
lq wklv htxloleulxp/ |lhoglqj
}E '

5 n B}E( 
/
  E  B

+;,

zlwk }E(  ghqhg e| +:,1
Surri= Zh vkdoo frqvwuxfw d uhjlph wkdw lv xqlirupo| ehvw dqg vshflhv kljk hruw lq wkh
frrshudwlyh vwdwh 1 Dffruglqj wr wkh Ohppd/ zh vhw wE(&  htxdo wr ' ru -/ ghshqglqj
rq zklfk ghflvlrq pd{lpl}hv wkh uljkw0kdqg vlgh ri +:,1 Zh dovr suhvfuleh wE ' C dqg
jE ' EMc M/ vr wkdw }E lv jlyhq e| +;,1 Ixuwkhu/ zh vhw 6E ' 6E(  ' Efc f1 Wkh
frqwlqxdwlrq ydoxhv iru lqglylgxdo djhqwv duh jlyhq e| } E '  n Z d}E  o/ dffruglqj
wr +9,1
Frqvlghu lqfhqwlyhv lq wkh surgxfwlrq skdvh1 Lq rughu iru EMc M wr eh vxvwdlqhg lq
vwdwh / lw pxvw eh wkdw wkh fkrlfh M pd{lpl}hv djhqw *v sd|r vwuhdp/ jlyhq wkdw djhqw 
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fkrrvhv M/ dqg wkdw djhqw  lqgxfhv vwdwh  ru ( lq wkh iroorzlqj shulrg e| fkrrvlqj M ru
u/ uhvshfwlyho|1 Wkxv/ d qhfhvvdu| dqg vx!flhqw frqglwlrq iru sd|r pd{lpl}dwlrq lv jlyhq
e|
5 n E  B} E n B} E(   % n B} E( 
Xvlqj +9, wr vxevwlwxwh iru } / dqg vlpsoli|lqj/ |lhogv
BZ  dE  }E n }E(   }E( o n 5  %  B6 E( 

+<,

Wkh vshflfdwlrqv deryh ghwhuplqh }E/ }E( / dqg }E( 1 Zh fdq vshfli| 6E(  dqg
6E(2  vr wkdw 6 E(  lv vx!flhqwo| vpdoo wr vdwlvi| +<,1 Lq rwkhu zrugv/ wkh djhqwv* zulwwhq
frqwudfw suhvfulehv d odujh wudqvihu iurp djhqw  wr klv sduwqhu frqglwlrqdo rq  lqlwldwlqj d
glvsxwh1 E| frqvwuxfwlrq/ zh kdyh d qhjrwldwlrq htxloleulxp1
Wr vhh zk| wklv htxloleulxp lv xqlirupo| ehvw/ uhfdoo wkdw htxdwlrq +:, krogv lq dq|
qhjrwldwlrq htxloleulxp1 Wkxv/ wkh frqwlqxdwlrq ydoxhv ri ehlqj lq wkh ydulrxv glvsxwh vwdwhv
duh lqfuhdvlqj ixqfwlrqv ri wkh frqwlqxdwlrq ydoxh lq vwdwh 1 Reylrxvo|/ +;, jlyhv wkh kljkhvw
srvvleoh frqwlqxdwlrq ydoxh iru wkh uhodwlrqvkls1 Vlqfh wkh htxloleulxp zh frqvwuxfwhg dwwdlqv
wklv ydoxh lq wkh frrshudwlyh vwdwh/ lw pxvw eh xqlirupo| ehvw1 T1H1G1
Lq wkh surri ri wkh sursrvlwlrq/ frrshudwlyh htxloleuld duh frqvwuxfwhg e| lpsrvlqj odujh
qhjdwlyh sd|phqwv 6 lq vwdwhv ( wkdw lqglfdwh glvsxwhv lqlwldwhg e| djhqw 1 Wkh nh|
wr hqiruflqj vxfk frqwudfwv lv wkdw wkh lqwhuphgldu| kdv wkh delolw| wr yhuli| zklfk djhqw
lqlwldwhv d glvsxwh dqg wr lpsrvh xquhvwulfwhg frqwudfwxdo shqdowlhv rq wkdw djhqw1 Qrwh wkdw
frrshudwlrq fdq eh vxvwdlqhg lq wklv fdvh iru dq| ydoxhv ri wkh glvsxwh uhvroxwlrq frvwv S dqg
R1
6151

Olplwhg Yhuldelolw|1 Frqvwudlqwv rq zkdw fdq eh yhulhg e| d wklug sduw| fdq

olplw wkh vfrsh iru h{whuqdo hqirufhphqw1 Dv rxu vhfrqg ehqfkpdun fdvh/ zh frqvlghu olplwhg
yhuldelolw|/ lq zklfk wkh lqwhuphgldu| fdq yhuli| rqo| zkhwkhu ru qrw wkh EMc M rxwfrph
kdv rewdlqhg lq suhylrxv shulrgv/ dqg qrw wkh sduwlfxodu irup ri dq| ghyldwlrq iurp EMc M1

4<
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Iru h{dpsoh/ frqvlghu d wudgh ri judlq ehwzhhq wzr ghdohuv/ zkhuh wkh txdolw| ri wkh judlq lv
pdlqwdlqhg rqo| li erwk ghdohuv h{huflvh gxh fduh149 Diwhu wkh wudgh/ lw pd| eh srvvleoh iru d
wklug sduw| wr yhuli| zkhwkhu wkh txdolw| ri wkh judlq kdv ehhq frpsurplvhg/ exw lw fdqqrw
eh ghwhuplqhg zkhwkhu lw zdv wkh ex|hu ru wkh vhoohu wkdw idlohg lq klv fkdujh1 Zh dovr doorz
iru xqolplwhg wudqvihuv lq wkh olplwhg yhuldelolw| fdvh1
Wr fdswxuh olplwhg yhuldelolw|/ zh qrz doorz iru d vlqjoh glvsxwh vwdwh (/ phdqlqj wkdw
dw ohdvw rqh djhqw kdv vhohfwhg u vlqfh wkh odvw wlph wkh lqwhuphgldu| kdg uhfrughg vwdwh 1
Qxlvdqfh glvsxwhv dovr wuljjhu vwdwh (1 Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh xqlirupo|
ehvw rxwfrphv1
Sursrvlwlrq 51 Lq wkh fdvh ri olplwhg yhuldelolw|/ uhjdugohvv ri wkh ydoxhv S dqg R/ wkhuh lv
d xqlirupo| ehvw qhjrwldwlrq htxloleulxp1 Frrshudwlrq lv vxvwdlqhg li dqg rqo| li wkh iroorzlqj
frqglwlrq krogv=
%  5  E  BES n R%

+43,

Li wkh frqglwlrq krogv/ wkhq wkh frqwlqxdwlrq ydoxhv }E dqg }E( duh ghwhuplqhg e| +:,
dqg
}E '

5 n B}E(
1
  E  B

+44,

Rwkhuzlvh/ wkh ydoxhv duh }E ' }E( '  dqg wkh uhodwlrqvkls lv vhyhuhg lpphgldwho|1
Surri= Zh vwduw e| ghprqvwudwlqj wkdw +43, lv d qhfhvvdu| frqglwlrq iru frrshudwlrq wr
eh vxvwdlqhg1 Qrwh wkdw djhqw / h{shfwlqj djhqw  wr vhohfw M/ kdv dq lqfhqwlyh wr fkrrvh
M lq vwdwh  rqo| li
5 n E  B} E n B} E(  % n B} E(c
49 Shukdsv

+45,

wkh vhoohu lv uhvsrqvleoh iru wudqvsruwlqj wkh judlq/ zkloh wkh ex|hu lv uhvsrqvleoh iru vwrulqj lw

diwhu lw lv gholyhuhg1 Hlwkhu sduw| pd| ghvwur| wkh txdolw| e| idlolqj wr surwhfw wkh phufkdqglvh iurp wkh
hohphqwv1
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zkhuh lw vkrxog eh qrwhg wkdw djhqw  lqgxfhv d wudqvlwlrq wr vwdwh ( li kh fkrrvhv u1
Vxpplqj wkh frqglwlrqv +45, ryhu wkh wzr djhqwv dqg frpelqlqj whupv/ zh kdyh wkh iroorzlqj
qhfhvvdu| frqglwlrq=
E  Bd}E  }E(o  %  5

+46,

Li wkh djhqwv vhohfw C lq vwdwh / dqg li jE ' EMc M/ wkhq }E lv jlyhq e| +44,/ zkloh
}E( lv jlyhq e| +:,1 Vroylqj wkh v|vwhp +:, dqg +44, iru }E dqg }E(/ vxevwlwxwlqj
wkhvh ydoxhv lqwr +46,/ dqg uhduudqjlqj |lhogv +43,1 Wklv suryhv wkh rqo| li sduw ri wkh
sursrvlwlrq1 Ixuwkhu/ jlyhq wkdw frrshudwlrq fdqqrw eh vxvwdlqhg/ wkh djhqwv zrxog vhohfw '
lq wkh lqlwldo shulrg/ vlqfh wkh sd|r  grplqdwhv wkh sd|r ri }hur wkdw rewdlqv iurp wkh
Euc u rxwfrph1
Vx!flhqf| lv suryhg e| revhuylqj wkdw/ zkhq +43, krogv/ 6E dqg 6E( fdq eh fkrvhq
vr wkdw +45, krogv iru  ' c 21 Wr eh vshflf/ zh fdq vhw 6E ' Efc f/ zklfk ghqhv } E
xvlqj frqglwlrq +9,1 Wkhq zh fdq qg 6E( vr wkdw/ zlwk } E( jlyhq e| +9,/ wkh lqhtxdolwlhv
+45, krog1 T1H1G1
Frpsdulqj Sursrvlwlrqv 4 dqg 5/ lw iroorzv wkdw olplwhg yhuldelolw| lpsrvhv dgglwlrqdo
uhvwulfwlrqv rq wkh delolw| wr vxvwdlq frrshudwlrq/ lq wkh irup ri wkh frqvwudlqw +43,/ zklfk
uh hfw wkh idfw wkdw wkh lqwhuphgldu| lv xqdeoh wr lpsrvh shqdowlhv rq sduwlfxodu djhqwv1 Lq
ylhz ri rxu pdlqwdlqhg k|srwkhvlv % : 5/ +43, lpsolhv wkdw frrshudwlrq fdq eh vxvwdlqhg rqo|
li glvsxwh uhvroxwlrq frvwv S dqg R duh vx!flhqwo| odujh1 Kljk glvsxwh uhvroxwlrq frvwv vhuyh
dv dq lpsolflw erqg rq wkh uhodwlrqvkls/ e| fuhdwlqj d zhgjh ehwzhhq }E dqg }E(= rqfh
djhqwv duh lq wkh ( vwdwh/ wkh| fdq vdoydjh frrshudwlrq rqo| e| dssurdfklqj wkh lqwhuphgldu|
dqg lqfxuulqj wkh glvsxwh uhvroxwlrq frvwv/ wkhuhe| uhvwrulqj wkh  vwdwh1 Pdlqwdlqlqj vwdwh
 ehfrphv ydoxdeoh suhflvho| ehfdxvh djhqwv nqrz wkh| zloo fkrrvh wr lqfxu wkh glvsxwh
uhvroxwlrq frvwv/ ru hovh vhyhu wkhlu uhodwlrqvkls/ vkrxog d glvsxwh euhdn rxw1 Lw iroorzv wkdw
fkhdwlqj lv ghwhuuhg li wkh frvwv duh vx!flhqwo| kljk1 E| wkh vdph wrnhq/ +43, idlov wr krog/
dqg frrshudwlrq ehfrphv xqvxvwdlqdeoh/ zkhq S dqg R duh wrr vpdoo1 Wkxv/ kljk glvsxwh
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uhvroxwlrq frvwv duh erwk qhfhvvdu| dqg vx!flhqw iru frrshudwlrq xqghu olplwhg yhuldelolw|1
Wklv uhvxow ghprqvwudwhv wkdw wkh lqwhuphgldu|*v delolw| wr r!fldoo| fhuwli| wkh uhvroxwlrq
ri glvsxwhv lv ydoxdeoh iru wkh djhqwv1 Wklv ixqfwlrq/ zklfk lv xeltxlwrxv dprqj hqirufhphqw
lqvwlwxwlrqv/ wxuqv rxw wr sod| dq lpsruwdqw uroh lq pdlqwdlqlqj lqfhqwlyhv iru frrshudwlrq1
Wkh nh| lghd lv wkdw djhqwv gr qrw kdyh wrwdo iuhhgrp wr pdqlsxodwh wkh r!fldo vwdwxv ri
wkhlu uhodwlrqvkls/ exw udwkhu wkh| pxvw lqfxu frvwv wr lqgxfh ghvluhg fkdqjhv lq wkdw vwdwxv1
Wkh vwdqgdug uhsxwdwlrq phfkdqlvp/ lq frqwudvw/ lv xqghuplqhg e| djhqwv* delolw| wr iuhho|
uhlqwhusuhw wkh klvwru| ri sod|= iru d jlyhq klvwru|/ lw frvwv wkhp qrwklqj wr vzlwfk iurp d
glvsxwh ghvljqdwlrq/ zklfk zrxog wuljjhu sxqlvkphqwv/ wr d frrshudwh ghvljqdwlrq wkdw
zrxog uhvwruh wkh frrshudwlyh htxloleulxp1 Vlqfh vxfk d vzlwfk lv dozd|v lq wkh djhqwv*
lqwhuhvwv/ lqfhqwlyhv iru frrshudwlrq duh xqghuplqhg14:
E| vlplodu uhdvrqlqj/ lw iroorzv wkdw wkh djhqwv fdqqrw uhsolfdwh wkh glvsxwh uhvroxwlrq
frvwv lqwhuqdoo| e| djuhhlqj wr exuq prqh| +ru sd| prqh| wr d wklug sduw|, li rqh ru erwk
djhqwv vhohfwv u> rqfh dq lqiudfwlrq rffxuv/ lw lv mrlqwo| rswlpdo iru wkh djhqwv wr dyrlg
iroorzlqj wkurxjk zlwk wkh djuhhphqw14; Olnhzlvh/ lw lv lpsrvvleoh iru wkhp wr vhoi0hqirufh d
frqwudfw kdylqj dq djhqw zkr fkhdwv sd| wkh rwkhu lq wkh iroorzlqj shulrg1 Rqfh dq djhqw
fkhdwv/ kh fdq krog xs wkh uhodwlrqvkls wr dyrlg sd|lqj wkh shqdow|1 Wkhvh frqfoxvlrqv dulvh
qdwxudoo| dv d surgxfw ri mrlqw rswlpl}dwlrq lq wkh qhjrwldwlrq skdvh/ dv fkdudfwhul}hg e| wkh
Qdvk edujdlqlqj vroxwlrq/ zklfk xqghuvfruhv wkh lpsruwdqfh ri h{solflwo| prgholqj uhfxuuhqw
qhjrwldwlrq lq rqjrlqj uhodwlrqvklsv1
4: Lq

rwkhu zrugv/ wkh xvxdo uhsxwdwlrq0edvhg frrshudwlyh htxloleulxp  dv vwxglhg e| Nohlq dqg Oh"hu

+4<;4,/ Vkdslur +4<;6,/ Doohq +4<;7,/ Exoo +4<;:,/ dqg pdq| rwkhuv  grhv qrw vdwlvi| wkh xqlirupo| ehvw
fulwhulrq zkhq vwdwhv duh lqwhusuhwhg dv wkh xvxdo vxshujdph klvwrulhv1 Udph| dqg Zdwvrq +4<<<, ghyhors d
uhodwhg/ zhdnhu fulwhulrq dqg vkrz wkdw frrshudwlrq fdqqrw eh vxvwdlqhg lq d jhqhudo vhwwlqj xqghu wkh xvxdo
uhsxwdwlrq phfkdqlvp1
4; Vwdqgdug

erqglqj duudqjhphqwv ri wklv vruw kdyh ehhq frqvlghuhg e| Nhqqdq +4<:<, dqg Zlooldpvrq

+4<;6,/ dprqj rwkhuv1

FRQWUDFWXDO LQWHUPHGLDULHV

6161

55

Wudqvihu Frqvwudlqwv1 H{whuqdo hqirufhphqw pd| eh vxemhfw wr olplwv rq wkh vl}h

ri wudqvihuv wkdw wkh djhqwv fdq frqwudfwxdoo| lpsrvh rq rqh dqrwkhu/ dv lv iuhtxhqwo| revhuyhg
lq sudfwlfh1 Wkhvh frqvwudlqwv pd| lqklelw djhqwv* delolw| wr hqirufh frrshudwlyh rxwfrphv/
hyhq xqghu ixoo yhuldelolw|14< Vxssrvh wkh lqwhuphgldu| lv xqdeoh wr hqirufh wudqvihuv lq
h{fhvv ri K> l1h1/ frqwudfwhg wudqvihuv pxvw vdwlvi| 6  K iru  ' c 21 Wklv pd| eh gxh/
shukdsv/ wr olplwv rq wkh dzdug ri frpshqvdwru| gdpdjhv/ ru wr oltxlglw| frqvwudlqwv1 Iru
wklv fdvh zh kdyh wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 61 Frqvlghu wkh fdvh ri ixoo yhuldelolw| zlwk frqvwudlqhg wudqvihuv/ dqg vxs0
srvh
K

%5

2B

+47,

Wkhq frrshudwlrq fdqqrw eh vxvwdlqhg li S dqg R duh vx!flhqwo| forvh wr }hur1
Surri1 Khuh zh fdq xvh vrph ri wkh dqdo|vlv ri Vxevhfwlrq 6141 Jlyhq wkh wudqvlwlrqv lq wkh
vwdwh lqgxfhg e| klv fkrlfh/ djhqw  kdv dq lqfhqwlyh wr vhohfw M/ jlyhq wkdw djhqw  fkrrvhv
M/ rqo| li +<, krogv1 Vxssrvh wkhuh lv d uhjlph lq zklfk wkh djhqwv vxvwdlq frrshudwlrq
lq vwdwh / zlwk S ' R ' f1 Zh ghprqvwudwh wkdw wklv frqwudglfwv +47,1 Qrwh wkdw/ zlwk
S ' R ' f/ +:, lpsolhv }E ' }E(  ' }E( 1 Wkxv/ +<, vlpsolhv wr
5 n E  B} E n B} E(   % n B} E( 
Xvlqj +9, wr vxevwlwxwh iru } / dqg vlpsoli|lqj/ |lhogv
%  5  B6 E( 

+48,

Dgglqj wkh lqhtxdolwlhv +48, iru  ' c 2 dqg uhduudqjlqj jlyhv
6 E(   62 E(2  
4< Vdsslqjwrq

%5

B

+49,

+4<;6, dqg Glfnhqv/ hw do +4<;<,/ dprqj rwkhuv/ kdyh dqdo|}hg wkh hhfwv ri wudqvihu frq0

vwudlqwv lq rqh0vkrw sulqflsdo0djhqw vhwwlqjv/ zkloh ghq Kddq/ Udph| dqg Zdwvrq +4<<<d/e, frqvlghu wudqvihu
frqvwudlqwv lq prghov uhodwhg wr wkh suhvhqw rqh1
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Vlqfh 6 E(   K/ lw iroorzv wkdw +49, fdqqrw krog zkhq +47, lv lpsrvhg1 Wkh uhvxow
h{whqgv lpphgldwho| wr qrq}hur/ exw vx!flhqwo| vpdoo/ S dqg R1 T1H1G1
Sursrvlwlrq 6 ghprqvwudwhv wkdw ixoo yhuldelolw| lv qrw vx!flhqw iru vxvwdlqlqj frrshu0
dwlrq zkhq wkh lqwhuphgldu| lv suhyhqwhg iurp lpsrvlqj odujh frqwudfwxdo shqdowlhv1 Luuh0
vshfwlyh ri dq| frqvwudlqwv rq wudqvihuv/ krzhyhu/ lw lv srvvleoh wr vxssruw frrshudwlrq e|
lpsrvlqj kljk hqrxjk glvsxwh uhvroxwlrq frvwv/ dv pd| eh vkrzq e| gluhfwo| dsso|lqj wkh
dujxphqw ri Sursrvlwlrq 51 Lq jhqhudo/ frvwo| glvsxwh uhvroxwlrq fdq rshudwh wr hqirufh frrs0
hudwlyh djuhhphqwv lq orqj0whup uhodwlrqvklsv zkhuh frqvwudlqwv rq lqirupdwlrq ru wudqvihuv/
ru rwkhu uhdvrqv/ uxoh rxw wkh xvh ri frpsohwh frqwudfwv1 Iru wkh uhpdlqghu ri wkh sdshu/ zh
dvvxph wkhuh duh qr olplwv rq wudqvihuv1
71
7141

Rswlpdo Hqirufhphqw V|vwhpv

Glvsxwh Uhvroxwlrq Frvwv dqg Suhvhuydwlrq ri Uhodwlrqvklsv1 Rswlpdo frq0

wudfw hqirufhphqw v|vwhpv duh wkrvh wkdw pd{lpl}h wkh djhqwv* h{ dqwh mrlqw ydoxh }E/ dv
ghwhuplqhg lq Sursrvlwlrqv 4 dqg 5 iru wkh fdvhv ri ixoo dqg olplwhg yhuldelolw|/ uhvshfwlyho|1
Qrwh wkdw wkh rswlpdo vhohfwlrqv ri glvsxwh uhvroxwlrq frvwv S dqg R ghshqg rq wkh dprxqw
ri yhuldeoh lqirupdwlrq> ixoo yhuldelolw| idyruv }hur frvwv/ zkloh zlwk olplwhg yhuldelolw|
srvlwlyh frvwv duh hvvhqwldo wr pdlqwdlqlqj frrshudwlrq1 Lq dgglwlrq/ S dqg R zloo eh vhohfwhg
lq d pdqqhu wkdw hqvxuhv uhodwlrqvklsv zloo eh suhvhuyhg zkhq d glvsxwh dulvhv> l1h1/ djhqwv
fkrrvh wr uhvroyh glvsxwhv udwkhu wkdq vhyhu wkhlu uhodwlrqvkls1 Wkhvh qglqjv duh irupdol}hg
lq wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 71 Xqghu ixoo yhuldelolw|/ wkh rswlpdo hqirufhphqw v|vwhp vdwlvhv S ' R ' f>
xqghu olplwhg yhuldelolw|/ S dqg R duh fkrvhq vr wkdw +43, krogv zlwk htxdolw|1 Lq hlwkhu
fdvh/ wkh rswlpdo v|vwhp vdwlvhv }E(&  : 1
Surri1 Wkh fodlp frqfhuqlqj wkh fkrlfh ri S dqg R lq wkh ixoo yhuldelolw| fdvh iroorzv dw
rqfh iurp +:, dqg +;,/ zkloh wkh idfw wkdw }E(&  :  xqghu ixoo yhuldelolw| lv lpsolhg e| +5,1
Dv iru wkh fdvh ri olplwhg yhuldelolw|/ zh xwlol}h h{suhvvlrqv iurp wkh surri ri Sursrvlwlrq
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51 Wdnh dq| S dqg R vxfk wkdw/ vroylqj +:, dqg +44,/ rqh rewdlqv }E( ' 1 Lw pxvw eh wkdw
dw ohdvw rqh ri S dqg R lv vwulfwo| srvlwlyh1 Vxevwlwxwlqj }E( '  dqg
}E '

5 n B
  E  B

lqwr wkh djhqwv* srrohg lqfhqwlyh frqvwudlqw +46,/ zh rewdlq
5 n B
 % n B
  E  B
Wklv grhv qrw elqg/ jlyhq +5,1 Wkhuhiruh/ zh fdq orzhu R dqg S +zklfkhyhu lv qrw htxdo wr
}hur, xqwlo wkh lqfhqwlyh frqvwudlqw +43, elqgv1 Qrwh wkdw }E dqg }E( +djdlq irxqg e|
vroylqj +:, dqg +44,, ulvh lq wkh surfhvv dqg wkdw }E( : 1 Ydoxhv R dqg S fdqqrw eh
orzhuhg ixuwkhu zlwkrxw wkzduwlqj lqfhqwlyhv1 T1H1G1
Suhvhuydwlrq ri uhodwlrqvklsv lv rswlpdo gxh wr wkh idfw wkdw vhyhudqfh lpsrvhv wkh zruvw
sxqlvkphqw wkdw djhqwv fdq idfh zkhq d glvsxwh dulvhv1 Wkxv/ ghvljqlqj dq hqirufhphqw
v|vwhp wkdw lqgxfhv wkh djhqwv wr uhtxhvw glvsxwh uhvroxwlrq/ udwkhu wkdq vhyhu wkhlu uhod0
wlrqvkls/ fdq rqo| uhgxfh wkh frvwv ri glvsxwhv dqg udlvh wkh ydoxh ri wkh remhfwlyh1 Xqghu ixoo
yhuldelolw|/ lw lv rswlpdo wr uhvroyh glvsxwhv dw }hur frvw dqg hqirufh frrshudwlrq wkurxjk frq0
wudfwhg wudqvihuv1 Xqghu olplwhg yhuldelolw|/ wkh rswlpdo hqirufhphqw v|vwhp pxvw lpsrvh
srvlwlyh glvsxwh uhvroxwlrq frvwv/ exw qhyhu vr odujh wkdw wkh djhqwv zrxog suhihu vhyhudqfh
wr glvsxwh uhvroxwlrq153
7151

Lqirupdwlrq Frvwv1 Dowkrxjk ixoo yhuldelolw| doorzv wkh djhqwv wr vxvwdlq frrs0

hudwlrq zlwk }hur glvsxwh uhvroxwlrq frvwv/ wkh qhhg wr frppxqlfdwh lqirupdwlrq wr wkh
lqwhuphgldu| rq dq rqjrlqj edvlv/ wr prqlwru dfwlrqv frqvwdqwo|/ ru wr pdlqwdlq fduhixo
53 Rxu

uhvxow vwurqjo| vxssruwv wkh hpskdvlv sodfhg e| wkh DGU pryhphqw rq suhvhuydwlrq ri uhodwlrq0

vklsv1 Dv Ehuqvwhlq +4<<9, qrwhv ri wkh QJID glvsxwh uhvroxwlrq v|vwhp/ ^wkh duelwudwlrq v|vwhp` dqg lwv
dgmxglfdwlyh dssurdfk duh ghvljqhg wr hqdeoh frpsdqlhv wr vxeplw glvsxwhv wr duelwudwlrq zkloh plqlpl}lqj
wkh glvuxswlrq wr wkhlu uhodwlrqvkls +irrwqrwh 457,1

FRQWUDFWXDO LQWHUPHGLDULHV

58

uhfrugv lpsrvhv dgglwlrqdo lqirupdwlrq frvwv uhodwlyh wr wkh fdvh ri olplwhg yhuldelolw|1 Wkh
rswlpdolw| ri ixoo yhuvxv olplwhg yhuldelolw| wkhq klqjhv rq wkh ohyho ri wkhvh lqirupdwlrq
frvwv1
Ohw _ ghqrwh wkh dgglwlrqdo shu shulrg lqirupdwlrq frvwv lpsrvhg rq wkh djhqwv e| ixoo
yhuldelolw|/ uhodwlyh wr olplwhg yhuldelolw|1 Fohduo|/ li _ lv htxdo wr }hur/ wkhq ixoo yhuldelolw|
lv rswlpdo/ vlqfh frrshudwlrq frxog eh vxvwdlqhg zlwkrxw dq| glvsxwh uhvroxwlrq ru lqirupd0
wlrq frvwv1 Zlwk srvlwlyh lqirupdwlrq frvwv/ krzhyhu/ wkh dwwudfwlyhqhvv ri ixoo yhuldelolw|
ghshqgv rq zkhwkhu ru qrw olplwhg yhuldelolw| zrxog hqwdlo odujh glvsxwh uhvroxwlrq frvwv
gxh wr qxlvdqfh glvsxwhv1 Wklv wudgh0r lv irupdol}hg lq wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 81 Vxssrvh _ lv vwulfwo| srvlwlyh1 Li  lv vx!flhqwo| vpdoo/ wkhq wkh rswlpdo
hqirufhphqw v|vwhp lv fkdudfwhul}hg e| olplwhg yhuldelolw|1
Surri1 Wkh rswlpdo hqirufhphqw v|vwhp zlwk ixoo yhuldelolw| vhwv R ' S ' f/ dqg wkh
ydoxh ri wkh uhodwlrqvkls/ qhw ri lqirupdwlrq frvwv/ lv E5  _*E  B1 Iurp +44,/ krzhyhu/
lw pd| eh vhhq wkdw wkh ydoxh ri wkh rswlpdo hqirufhphqw v|vwhp zlwk olplwhg yhuldelolw|
5*E  B dv  frqyhujhv wr }hur/ dqg lw iroorzv wkdw olplwhg yhuldelolw| |lhogv d vwulfwo|
juhdwhu ydoxh wkdq zkhq  lv vx!flhqwo| vpdoo1 T1H1G1
Dowkrxjk ixoo yhuldelolw| pdnhv lw srvvleoh wr hqirufh wkh frqwudfw zlwk }hur glvsxwh
uhvroxwlrq frvwv/ wkh suhvhqfh ri lqirupdwlrq frvwv pdnhv olplwhg yhuldelolw| pruh dwwudfwlyh
lq vlwxdwlrqv zkhuh qxlvdqfh glvsxwhv dulvh lqiuhtxhqwo|1 Wkh nh| lghd lv wkdw kljk h{ srvw
glvsxwh uhvroxwlrq frvwv gr qrw fruuhvsrqg wr kljk h{ dqwh frvwv zkhq glvsxwhv fdq eh dyrlghg1
Dv orqj dv wkhuh duh ihz qxlvdqfh glvsxwhv/ ru wkh hqirufhphqw v|vwhp fdq vfuhhq wkhp rxw
sulru wr wkh glvsxwh uhvroxwlrq surfhvv/ olplwhg yhuldelolw| zloo pd{lpl}h wkh djhqwv* zhoiduh
e| pdnlqj ghwdlohg frppxqlfdwlrq ru grfxphqwdwlrq ri dfwlrqv xqqhfhvvdu|154 Lq rwkhu
54 Wr

wkh h{whqw wkdw qxlvdqfh glvsxwhv dulvh iurp plvxqghuvwdqglqjv ehwzhhq wkh djhqwv dv wr zkhwkhu

fkhdwlqj kdv rffxuuhg/ lw pd| eh srvvleoh dw uhodwlyho| orz frvw iru djhqwv wr vfuhhq rxw qxlvdqfh glvsxwhv
wkurxjk ehwwhu frppxqlfdwlrq1 Ixuwkhu/ djhqwv zloo kdyh dq lqfhqwlyh wr hqjdjh lq vxfk vfuhhqlqj lq rughu
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zrugv/ hqirufhphqw v|vwhpv pljkw xvhixoo| irfxv rq dvfhuwdlqlqj zkhwkhu d jlyhq glvsxwh
frqvwlwxwhv d jhqxlqh euhdngrzq ri frrshudwlrq/ udwkhu wkdq zkhwkhu wkh euhdngrzq zdv
fdxvhg e| djhqw 4 ru djhqw 51
7161

Jhqhudo dqg Vshflf V|vwhpv1 Dq hqirufhphqw v|vwhp wkdw lv xvhg e| d zlgh

ydulhw| ri frqwudfwxdo uhodwlrqvklsv lv fdoohg d jhqhudo hqirufhphqw v|vwhp1 Wkh prvw edvlf
h{dpsoh ri d frqwudfwlqj lqvwlwxwlrq lv wkh v|vwhp ri sxeolf frxuwv/ dgplqlvwhuhg e| odz|huv
dqg mxgjhv zkr vhuyh dv lqwhuphgldulhv1 Jhqhudo v|vwhpv kdyh wkh dgydqwdjh ri yhvwlqj
glvsxwh uhvroxwlrq lq d vlqjoh lqvwlwxwlrq/ exw wkhuh pd| eh djhqwv zkr qg wkh v|vwhp
srruo| vxlwhg wr wkhlu sduwlfxodu flufxpvwdqfhv1 Jurxsv ri djhqwv pd| eh prwlydwhg wr
vhw xs vshflf hqirufhphqw v|vwhpv zkrvh sdudphwhuv duh ehwwhu wdloruhg wr wkhlu qhhgv1
Rqh h{dpsoh lv wkh QJID*v sulydwh ohjdo v|vwhp/ zklfk vxssodqwv X1V1 odz dqg frxuwv iru
wudqvdfwlrqv ehwzhhq phpehuv ri wkh dvvrfldwlrq1 D zlgh udqjh ri frqwudfwxdo uhodwlrqvklsv/
vxfk dv oderu uhodwlrqvklsv/ xwlol}h phgldwlrq ru duelwudwlrq djuhhphqwv/ zkhuhe| djhqwv
frpplw wr e|sdvv sxeolf frxuwv1 Lqghhg/ dq| irup ri dowhuqdwlyh glvsxwh uhvroxwlrq fdq eh
lqwhusuhwhg dv d vshflf v|vwhp1 Ri frxuvh/ wkh glvdgydqwdjh ri d vshflf v|vwhp lv wkdw wkh
djhqwv pxvw lqfxu dgghg frvwv e| gxsolfdwlqj wr vrph h{whqw wkh jhqhudo v|vwhp1
Wkh wudgh0rv ehwzhhq jhqhudo dqg vshflf v|vwhpv fdq eh looxvwudwhg xvlqj rxu prgho1
Vxssrvh wkh djhqwv fdq fkrrvh dw wkh vwduw ri wkhlu uhodwlrqvkls zkhwkhu wr hqirufh wkhlu
frqwudfw xvlqj d suhghwhuplqhg jhqhudo v|vwhp/ lqyroylqj d sduwlfxodu ghjuhh ri yhuldelolw|
dqg glvsxwh uhvroxwlrq frvwv S dqg R/ ru hovh wr hvwdeolvk wkhlu rzq vshflf v|vwhp1 Wkh
vshflf v|vwhp/ zklfk lpsrvhv dq dgghg ryhukhdg frvw ri  shu shulrg/ doorzv wkh djhqwv
W

wr vhohfw d ghjuhh ri yhuldelolw| dqg glvsxwh uhvroxwlrq frvwv S dqg R wkdw duh rswlpdo iru
W

W

wkhlu rzq uhodwlrqvkls1
Vxssrvh uvw wkdw wkh jhqhudo v|vwhp hqwdlov olplwhg yhuldelolw|/ dqg lqirupdwlrq frvwv
wr dyrlg frvwo| glvsxwh uhvroxwlrq zlwk wkh lqwhuphgldu|1 Wklv pd| zrun wr lqfuhdvh wkh vdolhqfh ri wkh orz
 fdvh lq sudfwlfh1
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duh vxfk wkdw wkh djhqwv* rswlpdo vshflf v|vwhp dovr lqyroyhv olplwhg yhuldelolw|1 Wkh
frpsdulvrq ri jhqhudo dqg vshflf v|vwhpv wxuqv rq wkh uhodwlrqvkls ehwzhhq wkhlu uhodwlyh
frvwv1 Vxssrvh uvw wkdw S dqg R duh yhu| odujh uhodwlyh wr wkh rswlpdo fkrlfhv S dqg R >
W

W

wkdw lv/ glvsxwh uhvroxwlrq frvwv xqghu wkh jhqhudo v|vwhp duh kljk uhodwlyh wr wkh djhqwv*
suhihuuhg ohyhov1 Dv orqj dv  lv qrw wrr juhdw/ wkh djhqwv zrxog fkrrvh wkh vshflf v|vwhp
W

lq wklv fdvh1 Qh{w/ li S dqg R duh dssur{lpdwho| htxlydohqw wr S dqg R / lq wkh vhqvh wkdw wkh
W

W

lpsolhg ydoxhv ri }E( duh derxw wkh vdph/ wkhq wkh djhqwv zrxog pdnh xvh ri wkh jhqhudo
v|vwhp lq rughu wr dyrlg wkh dgghg ryhukhdg frvwv1 Ilqdoo|/ li S dqg R duh yhu| orz/ wkhq
frrshudwlrq ehfrphv xqvxvwdlqdeoh xqghu wkh jhqhudo v|vwhp/ dqg d vshflf v|vwhp lv wkh
djhqwv* rqo| ihdvleoh rswlrq1 Zh vxppdul}h zlwk wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 91 Vxssrvh wkh jhqhudo dqg rswlpdo vshflf v|vwhpv lqyroyh olplwhg yhuldelolw|1
Li  lv qrw wrr juhdw/ wkhq wkh rswlpdo vshflf v|vwhp zloo eh suhihuuhg wr wkh jhqhudo v|vwhp
W

li S dqg R duh erwk hlwkhu yhu| kljk ru yhu| orz1 Wkh jhqhudo v|vwhp zloo eh ehvw iru d plggoh
uhjlrq ri S dqg R1
Wkh sursrvlwlrq hvwdeolvkhv wkdw wkh uhodwlrqvkls ehwzhhq wkh djhqwv* suhihuuhg v|vwhp
dqg wkh frvwv ri wkh jhqhudo v|vwhp lv qrw prqrwrqh1 Lqvwdqfhv ri h{fhvvlyh frvwv lq jhqhudo
hqirufhphqw v|vwhpv/ lqfoxglqj kljk ihhv/ ghod|v dqg vhyhudqfh ri uhodwlrqvklsv/ kdyh uhfhlyhg
pxfk dwwhqwlrq iurp sudfwlwlrqhuv1 Rxu dqdo|vlv/ krzhyhu/ dovr xqfryhuv wkh srvvlelolw| wkdw
glvsxwh uhvroxwlrq frvwv fdq eh wrr orz wr vxvwdlq frrshudwlrq1 Lq wklv fdvh/ rswlpdo vshflf
v|vwhpv pxvw lqwurgxfh dgghg frvwv ri glvsxwh uhvroxwlrq/ hyhq dv wkh| zrun wr suhvhuyh
uhodwlrqvklsv lq wkh hyhqw ri glvsxwhv155
Dqrwkhu frpprq fulwlflvp ri jhqhudo v|vwhpv lv wkdw wkh| pdnh srru xvh ri lqirupdwlrq
wkdw lv vshfldol}hg wr wkh djhqwv* uhodwlrqvkls1 Wklv lvvxh fdq eh frqvlghuhg e| phdvxulqj
55 Wdnlqj

dq h{ srvw ylhz ri glvsxwh uhvroxwlrq/ wkh DGU olwhudwxuh hpskdvl}hv wkh ehqhwv ri orzhulqj

glvsxwh uhvroxwlrq frvwv1 Rxu uhvxow lqglfdwhv wkh lpsruwdqfh ri wdnlqj dq h{ dqwh shuvshfwlyh/ zkhuh rqh
revhuyhv wkdw frvwo| glvsxwh uhvroxwlrq fdq ghwhu glvsxwhv iurp rffxuulqj1
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wkh xvh ri lqirupdwlrq lq whupv ri lqirupdwlrq frvwv1 Ohw _ dqg _ ghqrwh wkh ydoxhv ri
W

lqirupdwlrq frvwv xqghu wkh jhqhudo dqg vshflf v|vwhpv/ uhvshfwlyho|1 Xqghu wkh jhqhudo
v|vwhp/ wkh lqwhuphgldu| pd| nqrz olwwoh derxw wkh djhqwv* surgxfwlyh dfwlylw|/ dqg h{whqvlyh
grfxphqwdwlrq pd| eh uhtxluhg wr frppxqlfdwh wkh klvwru| ri dfwlrqv> wkh lqirupdwlrq frvw
_ lv uhodwlyho| odujh lq wklv fdvh1 Zlwk wkh vshflf v|vwhp/ lq frqwudvw/ wkh lqwhuphgldu|
zrxog suhvxpdeo| eh pruh vnloohg lq h{dplqlqj wkh djhqwv* dfwlrqv/ vr wkdw _ zrxog eh
W

orzhu1 Wkh iroorzlqj sursrvlwlrq olqnv wkh djhqwv* fkrlfh ri v|vwhp wr wkh lqirupdwlrq dqg
ryhukhdg frvwv1
Sursrvlwlrq :1 D qhfhvvdu| dqg vx!flhqw frqglwlrq iru xvh ri d vshflf v|vwhp zlwk ixoo
yhuldelolw| wr eh suhihuuhg wr wkh jhqhudo v|vwhp zlwk ixoo yhuldelolw| lv  n _  _1
W

W

Surri1 Iurp wkh surri ri Sursrvlwlrq 9/ zh kdyh wkdw wkh ydoxh ri wkh uhodwlrqvkls xqghu
wkh jhqhudo v|vwhp zlwk ixoo glvfryhu| lv E5  _*E  B/ zkhuhdv wkh ydoxh xqghu wkh vshflf
v|vwhp zlwk ixoo glvfryhu| lv hdvlo| vhhq wr eh E5    _ *E  B1 T1H1G1
W

W

Dv wkh sursrvlwlrq ghprqvwudwhv/ lw pd| eh zruwkzkloh wr lqfxu dgghg ryhukhdg frvwv li
d vshflf v|vwhp pdnhv srvvleoh d odujh hqrxjk uhgxfwlrq lq lqirupdwlrq frvwv1
81

Frqwudfw Hqirufhphqw dqg Qrqfrqwudfwleoh Orqj0Whup Lqyhvwphqw

Zh kdyh hpskdvl}hg wkdw frvwo| glvsxwh uhvroxwlrq surfhvvhv fdq vhfxuh lqfhqwlyhv iru frrs0
hudwlrq zkhq djhqwv duh xqdeoh wr lpsrvh gluhfw frqwudfwxdo sxqlvkphqwv1 Lq wklv vhfwlrq zh
vkrz wkdw frvwo| glvsxwh uhvroxwlrq fdq dovr sod| d uroh lq surylglqj lqfhqwlyhv wr pdnh orqj0
whup/ uhodwlrq0vshflf lqyhvwphqwv1 Dv glvfxvvhg e| Zlooldpvrq +4<:<, dqg Jurxw +4<;7,/
djhqwv zloo whqg wr xqghulqyhvw lq uhodwlrqvklsv zkhq lqyhvwphqwv duh qrqfrqwudfwleoh/ vlqfh
wkhlu sduwqhuv fdq krog wkhp xs iru sduw ri wkh h{ srvw uhwxuqv1 D surshuo| ghvljqhg hqirufh0
phqw v|vwhp fdq ryhufrph wkh krogxs sureohp e| surylglqj rvhwwlqj lqfhqwlyhv wr lqyhvw/
edvhg rq wkh pdqqhu lq zklfk lqyhvwphqw lqwhudfwv zlwk lqfhqwlyhv wr frrshudwh1
Wr lqwurgxfh orqj0whup lqyhvwphqw/ zh prgli| wkh ehqfkpdun olplwhg yhuldelolw| vhwxs
dv iroorzv1 Dw wkh ehjlqqlqj ri shulrg 4/ ehiruh wkh lqlwldo qhjrwldwlrq skdvh/ djhqw 4 pdnhv
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dq lqyhvwphqw/ ghqrwhg e| k1 Zh dvvxph wkdw/ uhjdugohvv ri djhqw 4*v lqyhvwphqw/ wkh
uhodwlrqvkls ehjlqv lq wkh  vwdwh1 Wkdw lv/ wkh lqyhvwphqw fkrlfh fdqqrw wuljjhu wkh glvsxwh
vwdwh> lq wklv zd|/ lqyhvwphqw lv qrqyhuldeoh1 Wkh mrlqw sd|r iurp wkh fkrlfhv EMc M
lv jlyhq e| 5Ek/ zklfk lv wdnhq wr eh dq lqfuhdvlqj dqg vwulfwo| frqfdyh ixqfwlrq ri k1
Wkh ydoxh ri rxwvlgh rssruwxqlwlhv  lv dvvxphg wr eh xqdhfwhg e| k/ krzhyhu/ vr wkdw
lqyhvwphqw lv vshflf wr wkh uhodwlrqvkls1 Zh vlpsoli| ixuwkhu e| wdnlqj % wr eh lqghshqghqw
ri k dqg e| vhwwlqj  ' f
Dvvxph wkdw +4, krogv dw 5 ' 5Ef/ dqg wkdw 5 Ef lv odujh hqrxjk wr hqvxuh wkdw djhqw 4


zloo vhohfw d vwulfwo| srvlwlyh lqyhvwphqw ohyho1 Wkh h!flhqw lqyhvwphqw ohyho/ dvvxplqj wkdw
frrshudwlrq zloo eh vxvwdlqhg/ vroyhv wkh iroorzlqj sureohp=
i}E( k  kjc
4@
k
zkhuh }E( k ' 5Ek*E  B1 Ohw k. ghqrwh wkh h!flhqw lqyhvwphqw ohyho1 Ilqdoo|/ jlyhq S
dqg R/ ohw }E(( k ghqrwh wkh ydoxh ri wkh ( vwdwh zkhq wkh lqyhvwphqw ohyho lv k=
+

}E(( k ' 4@

,

E  R}E( k  S
c

  RB

Wkh iroorzlqj sursrvlwlrq yhulhv wkdw wkh xvxdo xqghulqyhvwphqw uhvxow krogv lq wklv
vhwwlqj zkhq djhqw 4 fdqqrw dssursuldwh doo ri wkh mrlqw vxusoxv/ dv orqj dv survshfwv iru
vxvwdlqlqj frrshudwlrq duh xqdhfwhg e| djhqw 4*v lqyhvwphqw fkrlfh1
Sursrvlwlrq ;1 Vxssrvh Z
4 fkrrvhv k

1 Li S dqg R duh vx!flhqwo| odujh/ wkhq lq htxloleulxp djhqw

k. 1

Surri1 Vxssrvh wkdw glvsxwh uhvroxwlrq frvwv duh vr kljk wkdw frrshudwlrq lv vxvwdlqhg dw
hyhu| lqyhvwphqw ohyho> l1h1/ zh kdyh
}E( f  % n B}E(( f

+4:,

Lw lv hylghqw wkdw dv k ulvhv/ }E( k lqfuhdvhv dw d idvwhu udwh wkdq grhv B}E(( k1 Wklv
lpsolhv wkdw wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru frrshudwlrq/ jlyhq e| +46,/ zloo eh
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vdwlvhg iru doo k zkhq +4:, krogv1 Lw iroorzv wkdw wkh sd|r0pd{lpl}lqj lqyhvwphqw ohyho
iru djhqw 4 vroyhv
4@
iZ  d}E( k  o n   kj
k
Fohduo|/ djhqw 4 suhihuv dq lqyhvwphqw ohyho ohvv wkdw k. / vlqfh kh fdq uhdol}h rqo| sursruwlrq
 ri wkh uhwxuqv1 T1H1G1

Z

Iru odujh ydoxhv ri S dqg R/ frrshudwlrq lv vxvwdlqdeoh hyhq zkhq k ' f/ vr wkdw djhqw 4
dqwlflsdwhv wkdw frrshudwlrq zloo rewdlq luuhvshfwlyh ri klv fkrlfh ri k1 Li glvsxwh uhvroxwlrq
frvwv duh vpdoohu/ krzhyhu/ wkhq wkh fkrlfh ri k fdq dhfw zkhwkhu frrshudwlrq lv vxvwdlqdeoh/
dqg djhqw 4 fdq eh lqgxfhg wr vhohfw d kljkhu lqyhvwphqw ohyho1 Wkh iroorzlqj sursrvlwlrq
ghprqvwudwhv wkdw wkh h!flhqw lqyhvwphqw ohyho fdq eh lpsohphqwhg lq wklv pdqqhu1
Sursrvlwlrq <1 Vxssrvh Z  lv vx!flhqwo| odujh wr jlyh
Z  d}E( k.   o  k. 

+4;,

Wkhq wkhuh h{lvw ydoxhv ri S dqg R vxfk wkdw lq htxloleulxp/ frrshudwlrq lv vxvwdlqhg dqg
djhqw 4 fkrrvhv wkh h!flhqw lqyhvwphqw ohyho156
Surri1 Zh pd| rewdlq }E( k.  : %nB}E(( k.  e| fkrrvlqj S dqg R odujh hqrxjk wr pdnh
}E(( k.  ' / edvhg rq wkh dvvxpswlrq wkdw +4, krogv dw k ' f1 Ixuwkhu/ fkrrvlqj S dqg R
htxdo wr }hur jlyhv }E(( k.  ' }E( k. / lq zklfk fdvh zh kdyh }E( k. 
xvlqj wkh idfw wkdw 5

% n B}E(( k. /

%1 Wkxv/ e| frqwlqxlw|/ wkhuh pxvw eh lqwhuphgldwh ydoxhv vdwlvi|lqj
}E( k.  ' % n B}E(( k. 

Iru wklv vshflfdwlrq ri wkh glvsxwh uhvroxwlrq frvwv/ djhqw 4 zloo eh xqzloolqj wr fkrrvh dq|
k

k. / vlqfh wkhq }E( k zloo olh vwulfwo| ehorz % n B}E(( k dqg wkh uhodwlrqvkls zrxog
56 Li

4 ^j+F> H ,  z` ? H / wkhq wkh glvsxwh uhvroxwlrq v|vwhp fdqqrw lqgxfh h!flhqw lqyhvwphqw/ exw lw

fdq rshudwh wr pryh djhqw 4*v lqyhvwphqw fkrlfh forvhu wr wkh h!flhqw ohyho1
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lpphgldwho| froodsvh1 Rqo| e| fkrrvlqj k  k. fdq djhqw 4 hqvxuh wkdw frrshudwlrq lv
vxvwdlqdeoh dqg wkh uhwxuq lv srvlwlyh/ dqg fohduo| djhqw 4*v prvw suhihuuhg vhohfwlrq dprqj
wkhvh lqyhvwphqw ohyhov lv k. 1 Lw iroorzv wkdw djhqw 4 zloo fkrrvh k. dv orqj dv klv qhw sd|r
lv qrqqhjdwlyh/ dqg +4;, lv d vx!flhqw frqglwlrq iru wklv1 T1H1G1
Glvsxwh uhvroxwlrq surfhvvhv fdq dowhu lqfhqwlyhv wr lqyhvw e| h{sorlwlqj wkh hhfw ri
lqyhvwphqw rq lqfhqwlyhv wr frrshudwh= dv lqyhvwphqw ulvhv/ frrshudwlrq ehfrphv pruh ydox0
deoh/ dqg wkh djhqwv ehfrph pruh zloolqj wr dyrlg glvsxwhv1 Wkxv/ zkhq glvsxwh uhvroxwlrq
frvwv duh uhgxfhg/ djhqwv pxvw lqfuhdvh lqyhvwphqw lq rughu wr suhvhuyh frrshudwlrq/ dqg
wkh glvsxwh uhvroxwlrq v|vwhp fdq eh ghvljqhg wr wdnh dgydqwdjh ri wklv wudgh0r157 Iurp
dqrwkhu shuvshfwlyh/ vshflf lqyhvwphqw fdq eh ylhzhg dv d vxevwlwxwh iru frvwo| glvsxwh uhv0
roxwlrq/ dv frrshudwlrq pd| eh vxvwdlqhg wkurxjk hlwkhu kljk lqyhvwphqw ru frvwo| glvsxwh
uhvroxwlrq1 Iru h{dpsoh/ zkhq qxlvdqfh glvsxwhv rffxu iuhtxhqwo|/ wkh rswlpdo duudqjhphqw
pd| frpelqh odujh dprxqwv ri xs0iurqw lqyhvwphqw zlwk vshhg| dqg lqh{shqvlyh glvsxwh
uhvroxwlrq1
91

Frqfoxvlrq

Zh kdyh ghyhorshg d qhz prgho ri frqwudfw hqirufhphqw hpskdvl}lqj wkh urohv sod|hg e|
wklug sduw| lqwhuphgldulhv1 Lqwhuphgldulhv fuhdwh ydoxh e| frpshoolqj frqwudfwhg wudqvihuv/
uhfruglqj zkhq uhodwlrqvklsv duh lq glvsxwh/ dqg uhvroylqj glvsxwhv zkhq fdoohg xsrq e|
wkh frqwudfwlqj sduwlhv1 Zh kdyh ghprqvwudwhg wkdw wkh qdwxuh ri frqwudfw hqirufhphqw
ghshqgv rq wkh dprxqw ri lqirupdwlrq wkdw lv yhuldeoh wr wkh lqwhuphgldu| dqg wkh frvwv
ri glvsxwh uhvroxwlrq1 Zlwk ixoo yhuldelolw|/ glvsxwh uhvroxwlrq frvwv duh rswlpdoo| }hur dqg
57 Zh

duh qrw wkh uvw wr ghprqvwudwh krz wkh surfhvv ri glvsxwh uhvroxwlrq dhfwv h{ dqwh lqfhqwlyhv1

Kduw dqg Prruh +4<;;,/ Djklrq/ Ghzdwulsrqw/ dqg Uh| +4<<7,/ Fkh dqg Kdxvfk +4<<<,/ dqg rwkhuv h{dplqh
zkhwkhu wkh krog xs sureohp fdq eh dyhuwhg e| pdqlsxodwlqj dvshfwv ri h{ srvw qhjrwldwlrq +vxfk dv edu0
jdlqlqj srzhu/ ghidxow rswlrqv/ dqg wkh xvh ri yhuldeoh phvvdjhv,1 Hgolq dqg Uhlfkhovwhlq +4<<9, irfxv rq
irupv ri hqirufhphqw vshfli|lqj euhdfk uhphglhv1 Rxu zrun frqwulexwhv e| uhfrjql}lqj wkdw frvwo| glvsxwh
uhvroxwlrq +qrw suhvhqw lq wkh deryh prghov, pd| frxqwhudfw krogxs lq orqj0whup uhodwlrqvklsv1
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frrshudwlrq fdq eh vxvwdlqhg e| gluhfwo| sxqlvklqj d sduw| zkr euhdfkhv d frqwudfw1 Lq wkh
fdvh ri olplwhg yhuldelolw|/ sduwlhv yroxqwdulo| vxeplw wr d frvwo| glvsxwh uhvroxwlrq surfhvv/
zklfk vhuyhv wr lpsolflwo| erqg wkhlu uhodwlrqvkls djdlqvw plvehkdylru1 Rxu wkhru| vxjjhvwv
wkdw/ wr vxvwdlq frrshudwlrq lq vrph vhwwlqjv/ vwdqgdug uhsxwdwlrq dqg wklug0sduw| erqglqj
phfkdqlvpv pd| eh ohvv lpsruwdqw wkdq wkh qdwxuh ri glvsxwh uhvroxwlrq surfhvvhv1
Rxu uhvxowv kdyh lpsruwdqw lpsolfdwlrqv iru wkh ghvljq ri glvsxwh uhvroxwlrq v|vwhpv1
Vxfk v|vwhpv fdq wudgh r h{ srvw glvsxwh uhvroxwlrq frvwv djdlqvw h{ dqwh lqirupdwlrq frvwv
lq vxvwdlqlqj frrshudwlyh lqfhqwlyhv/ dqg lq pdq| fdvhv wkh rswlpdo v|vwhp hqwdlov frvwo|
glvsxwh uhvroxwlrq zlwk olplwhg lqirupdwlrq1 H!flhqw lqvwlwxwlrqdo ghvljq dovr idflolwdwhv
suhvhuydwlrq ri uhodwlrqvklsv1 Ixuwkhu/ djhqwv pd| eh ehvw vhuyhg e| hvwdeolvklqj vshflf
hqirufhphqw v|vwhpv wdloruhg wr wkhlu qhhgv/ udwkhu wkdq uho|lqj rq jhqhudo v|vwhpv vxfk dv
frxuwv1 D udqjh ri lqvwlwxwlrqdo vwuxfwxuhv/ lqfoxglqj dowhuqdwlyh glvsxwh uhvroxwlrq v|vwhpv
dqg upv/ fdq eh xqghuvwrrg lq whupv ri wkhlu ixqfwlrqlqj dv vshflf v|vwhpv1
Rxu wkhru| lv irxqghg rq wkh sulqflsoh wkdw frqwudfw hqirufhphqw lv lq wkh kdqgv ri
lqwhuphgldulhv1 Dffruglqjo|/ zh dgyrfdwh d qhz shuvshfwlyh iurp zklfk wr vwxg| rqjrlqj
frqwudfwxdo uhodwlrqv  d shuvshfwlyh wkdw kljkoljkwv frqwudfw hqirufhphqw rq wkh edvlv
ri glvsxwhv dqg glvsxwh uhvroxwlrq1 Dv dujxhg deryh/ frqwudfwlqj djhqwv duh loo0vxlwhg wr
gxsolfdwh vxfk dq hqirufhphqw v|vwhp rq wkhlu rzq/ gxh wr wkhlu delolw| wr iuhho| uhlqwhusuhw
klvwru| dqg dowhu wkhlu lqwhuqdo ghvljqdwlrq ri wkh uhodwlrqvkls*v vwdwxv1 Iru h{dpsoh/ vxssrvh
wkh djhqwv djuhh wr frqglwlrq wkhlu ehkdylru rq vrph lpdjlqdu| v|vwhp ri vwdwhv/ lqfoxglqj
d glvsxwh vwdwh wkdw lv wuljjhuhg zkhq rqh ru erwk sduwlhv vhohfw u1 Vxssrvh dv zhoo wkdw wkh
djhqwv djuhh wr sod| Euc u iruhyhu/ rqfh wkh glvsxwh vwdwh lv uhdfkhg/ dv d sxqlvkphqw1 Wkhq
li wkh glvsxwh vwdwh lv dfwxdoo| uhdfkhg/ wkh djhqwv zrxog kdyh wkh mrlqw lqfhqwlyh wr uhylvh
wkhlu vwdwh v|vwhp dqg uh0vwduw frrshudwlrq> wkdw lv/ wkh| zrxog hhfw d frvwohvv vzlwfk iurp
wkh glvsxwh vwdwh edfn wr wkh frrshudwlyh vwdwh1 Lq dgglwlrq/ djhqwv fdqqrw fuhgleo| frpplw
wr w|lqj ixwxuh wudqvihuv wr wkh klvwru| ri lqwhudfwlrq/ vlqfh erwk fdq krog xs wkh uhodwlrqvkls
lq hdfk shulrg1 Wkh survshfw ri frrshudwlrq lv wkhuhiruh xqghuplqhg1 Rq wkh rwkhu kdqg/
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e| frqglwlrqlqj wkhlu ehkdylru rq wkh h{whuqdo frqwudfwlqj lqvwlwxwlrq/ wkh djhqwv fdq dyrlg
vxfk uhqhjrwldwlrq sureohpv1
Wkhruhwlfdoo|/ wkh lvvxh ri zkdw djhqwv frqglwlrq wkhlu ghflvlrqv rq lv d pdwwhu ri phwd0
ohyho qhjrwldwlrq ryhu htxloleuld1 Wkh dujxphqw iru frqglwlrqlqj rq wkh lqwhuphgldu|*v vwdwh
lv fdswxuhg e| rxu xqlirup ehvw fulwhulrq/ zklfk hydoxdwhv zkhwkhu djhqwv fdq jdlq +lq dq|
vwdwh, iurp vzlwfklqj wkhlu htxloleulxp1 D frpsohwh dqdo|vlv ri frqglwlrqlqj lqvwlwxwlrqv/
lqfoxglqj d vhohfwlrq fulwhulrq wkdw zhdnhqv wkh xqlirup ehvw qrwlrq/ dsshduv lq Udph| dqg
Zdwvrq +4<<<,> wkhuh zh irfxv rq wkh fdvh lq zklfk wudqvihuv fdqqrw eh frpshoohg e| d wklug
sduw|1
Dowkrxjk zh kdyh qrw sxuvxhg lw khuh/ rxu wkhru| pd| eh xvhixo lq hydoxdwlqj wkh uhodwlyh
hhfwlyhqhvv ri glhuhqw prghv ri frppxqlw| dqg elodwhudo hqirufhphqw1 Vhyhudo dxwkruv/ lq0
foxglqj Ehqgru dqg Prrnkhumhh +4<<3,/ Juhli +4<<6,/ Juhli/ Plojurp/ dqg Zhlqjdvw +4<<7,/
dqg Zrrgux +4<<9,/ kdyh vwuhvvhg wkdw/ xqghu vrph frqglwlrqv/ pxowlodwhudo vdqfwlrqv lp0
suryh d vrflhw|*v delolw| wr vxvwdlq frrshudwlrq/ uhodwlyh wr elodwhudo vdqfwlrqv1 Lq wklv olwhud0
wxuh/ vdqfwlrqv lqyroyh vzlwfklqj wr d orz0ohyho htxloleulxp zklfk/ dv vrph ri wkhvh dxwkruv
kdyh srlqwhg rxw/ pd| qrw vxuylyh uhqhjrwldwlrq1 Rxu wkhru| ghprqvwudwhv wkdw wkh sdud0
phwhuv ri wkh glvsxwh uhvroxwlrq surfhvv duh ixqgdphqwdo wr hqirufhphqw ri frqwudfwv1 Vlqfh
djhqwv kdyh wkh mrlqw lqfhqwlyh wr uhqhjrwldwh dzd| iurp sxqlvklqj hdfk rwkhu/ fhuwlfdwlrq
e| wklug sduwlhv kdv ydoxh1 Wkxv/ lq wkh frqwh{w ri frppxqlw| lqwhudfwlrq/ lw lv lpsruwdqw wr
lghqwli| wkh uhohydqw wklug sduw| iru wkh sxusrvhv ri rewdlqlqj r!fldo fhuwlfdwlrq/ h1j1 fhu0
wdlq phpehuv ri wkh frppxqlw| pd| ixqfwlrq dv lqwhuphgldulhv1 Wkh uroh ri lqwhuphgldulhv
lq glvvhplqdwlqj lqirupdwlrq derxw glvsxwh uhvroxwlrq ehfrphv hvshfldoo| lpsruwdqw lq vxfk
frqwh{wv1
D ixuwkhu lvvxh iru frppxqlw| hqirufhphqw lv zkhwkhu wklug sduwlhv kdyh wkh lqfhqwlyh
wr gr wkhlu sduw lq pdlqwdlqlqj wkh v|vwhp/ dv wkh| pd| eh fdoohg xsrq wr irujr surgxfwlyh
lqwhudfwlrq zlwk phpehuv ri wkh frppxqlw| zkr kdyh fkhdwhg rwkhuv1 Wkh| pd|/ krzhyhu/
suhihu wr uhqhjrwldwh zlwk qhz sduwqhuv wr dyrlg vxfk vdqfwlrqv1 Fohduo|/ wr xqghuvwdqg
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zkhwkhu frppxqlw| hqirufhphqw lv srvvleoh/ rqh pxvw wdnh ixoo dffrxqw ri wkh whfkqrorj| ri
lqirupdwlrq wudqvplvvlrq dqg wkh frvwv ri eulqjlqj vxevhwv ri djhqwv wrjhwkhu iru qhjrwldwlrq
dqg glvsxwh uhvroxwlrq1 Uhvhdufk dorqj wklv olqh lv xqghuzd|1
Pruh eurdgo|/ rxu prgho pd| vkhg vrph oljkw rq krz lqvwlwxwlrqv hyroyh dv frvwv ri
dgplqlvwhulqj frqwudfw hqirufhphqw fkdqjh ryhu wlph1 Dq hfrqrp| dw lwv hduo| vwdjh ri
hfrqrplf ghyhorsphqw pd| eh fkdudfwhul}hg e| lqh!flhqw sxeolf lqvwlwxwlrqv wkdw lpsrvh
yhu| kljk fhuwlfdwlrq frvwv1 Lq wkhvh flufxpvwdqfhv/ djhqwv duh gulyhq wr irup uhodwlyho|
vpdoo wudgh jurxsv/ vxfk dv jxlogv/ ru qduurz srolwlfdo xqlwv wkdw ghqh d vshflf v|vwhp1
Dv sxeolf lqvwlwxwlrqv lpsuryh/ wkh frvwv ri wkh jhqhudo v|vwhp idoo/ dqg wkh xvh ri sxeolf
frqwudfw hqirufhphqw vxssodqwv vpdoo jurxs hqirufhphqw1 Dw wkh qdo vwdjh/ glvsxwh uhvr0
oxwlrq wkurxjk wkh jhqhudo v|vwhp ehfrphv vr fkhds wkdw vshflf lqvwlwxwlrqv djdlq ehfrph
zlghvsuhdg/ lqfoxglqj lq sduwlfxodu wkh xvh ri odujh lqwhjudwhg rujdql}dwlrqv1
Ilqdoo|/ rxu dqdo|vlv ri vshflf glvsxwh uhvroxwlrq v|vwhpv |lhogv lqvljkwv lqwr wkh lqwhuqdo
vwuxfwxuh ri upv/ lq sduwlfxodu uhjduglqj dowhuqdwlyh pdqdjhphqw uhjlphv1 Rq rqh kdqg/ zh
pd| revhuyh pdqdjhuv zkr frqwlqxrxvo| jdwkhu lqirupdwlrq derxw wkhlu vxeruglqdwhv dqg
vhwwoh glvsxwhv lq d wlpho| pdqqhu/ surprwlqj ixoo yhuldelolw|1 Rq wkh rwkhu kdqg/ lq vrph
vhwwlqjv pdqdjhuv lqwhuyhqh rqo| rffdvlrqdoo|/ zlwk olwwoh lqirupdwlrq/ dqg vhwwoh glvsxwhv
vorzo|/ h{wudfwlqj uhqwv lq wkh surfhvv> wklv lv fdswxuhg e| wkh olplwhg yhuldelolw| prgho
zlwk srvlwlyh glvsxwh uhvroxwlrq frvwv1 Wkh odwwhu v|vwhp/ zlwk lwv uhodwlyho| glvwdqw/ xqlq0
iruphg dqg ihduhg pdqdjhuv hyrnlqj wkh frplf vwuls Gloehuw/ zloo eh wkh rswlpdo rqh lq pdq|
flufxpvwdqfhv1 Lq jhqhudo/ upv pd| eh vwuxfwxuhg wr dfklhyh d ghvluhg iudphzrun zlwklq
zklfk glvsxwhv ehwzhhq hpsor|hhv duh uhvroyhg> wklv pd| lqyroyh pdqdjhu0lqwhuphgldulhv dv
zhoo dv dq h{ dqwh lqyhvwphqw lq prqlwrulqj whfkqrorj|158
58 Lq

klv dqdo|vlv ri jhqhulf irupv ri hfrqrplf rujdql}dwlrq/ Zlooldpvrq +4<<4, glvfxvvhv krz lqwhuqdo

rujdql}dwlrq lv glvwlqjxlvkhg lq whupv ri frqwudfw odz1 Uhjduglqj glvsxwhv wkdw dulvh ehwzhhq lqglylgxdov lq
d up/ wkhuh duh eduulhuv wr wkh xvh ri frxuwv zklfk vxssruw wkh up*v vshflf v|vwhp1 Dv Zlooldpvrq vwdwhv/
iruehdudqfh ri frxuwv frqupv klhudufk| dv lwv rzq frxuw ri xowlpdwh dsshdo1
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